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ABSTRACT
This report is concerned with the relationship

between income and schooling. A theoretical model explores the role
of schooling as an informational or screening device with an expected
profit maximization framework. The issue revolves around the extent
to which formal schooling serves to augment worker productivity and,
thus, social product, as opposed to conveying informatiln to
employers about the probable productive capabilities of prospective
workers without, in itself, affecting those capabilities. Empirical
tests are formulated to disentangle schooling's productivity
augmenting end identification functions. The conclusion drawn is that
the apparent use of schooling as a screening device does not appear
to stem from a mere identification of productivity types. In fact,
the pure productivity augmenting view of the income-schooling
relationship appears greatly more tenable. (Author /KSN)
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;i1ThrlitdY

Since the advent of the human capital concept, much research has

been devoted to the relationship between income and schooling. Previous

studies have clearly demonstrated that schooling exerts a substantial

po:Ative effect on earning cN.en after tempting to control for innate

abilit'y and family background characteristics. Recently, questions

have been raised concerning the underlying nature of the observed

relationship beteen into mi: and schoolin, in essence, the link upon

which it rests. The issue revolves around the extent to which formal

schoollng serves to augment orker productivity and, thus, social

produc-, as oppusLd to conveying infory:ILion tu mployers about Lhe

probable productive capabilities of prospective workers without, in

itself, affecting those capabilities.

The study first explored a theoretical model of this latter

11 scre(:_ing" role Pad then attempted an ithipirical investigation of its

relative importance. The basis for the model was that individual

ploductivities nor., unknown to the firm prior to hiring and neither

instantaneously nor costlessly determinable from direct observation of

on-the-job performance. The information available to the firm was

restricted to knoAedge (a subjective notion was also treated) of the

first two moments of the population's skill distri.hution with output
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fonolftn a:,:roato skill levels mid enpital.

:111 treTOCte.: praiL Jrnmew.-):.k, uncertainty or rjSk

ill AC: cOYM varianc.e !.ho',.' u to lead to a roductien In

expected profits at th, prov;ons inpl.t. scales and to substitution and

production cifeets on factor omploynt. it was further domonstrated

that_ the re-1r workors ossocici-od with a givon schooling ;;oup

dcp:.,,Id.2d upon hoth the avoige ii 3. 1.(v1 and the variance-mean skill

ratio of the sch;)oli:IL,Ts private rcto-3.11 could be viewed

c's a reflectlLon oi its inf.c.1..Jtioncl cont.,:nL, i.e., its sortin function.

ELu:tb:.r, elim;n.!Lis; betvcen variance through :_he use of

Or devices ws shown to leLd to a r:ore

efficiout allocoLli,n of v::.)T1-cs Loth withIn and across grns. There-

fore, even if. th,:. higher a..io;.age skill levels asf:.ociated vith the more

sehoolcd \;r(-1 not produc,:-.I in the schoo1.in3 6e1cooll..,,ts social

benefit world not be zero.

AL:hot.:,h te::tn atm:!d at distinguishing between the two

view Yore coilducLfla, prohahly the. L:rron:;est Lest. Lot the existence of

an. Idylitjfjcc;:inn eflect vas based upon it comparison between schoolin's

return to self-employed and FivaLe wage mid salary workers. Since the

fomr-c: a:c not f,uNoct to a screcni.g proce:ss, i.e., there is 110 need

for tiwm to lantify their caps.bilitics through formal schoulli,g, the

absence of a productivity effect should be mnifesed in a lower return

to sc:hoolin ['wn for the laLter groop. Using the EP,E1:-Thorndi1:e sample

discussed m-w! folly in the te,:t, earnilv,s regressions were estimated

and profiles of the t.,:o wo.ker claw,es compared. The schooling effect,

in general, wt:; not "sin1fic.'lltly" diff(i:ent for the two groups.

Similar results obtaini:d for a emparison of the effect: of h4 ,her
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It quality"

undeiw:.1,:uate train5n.:, In calililT,:3 between the two

earn;di-,:t of thu nelf-employcl1 were fie en Le he equal4 anmented by

groat:yr qoality c.choolinr,;.

The conelu:;iol drawn fro: this and eLher indepel:dent evidence was

that tbc appz-!reat u:;(! of Rchooling ac. ;ercening device did not appear

to vt.c;.1 from a mere Ldentificdtion of p:Woctivity typeL:. In fact, the

pure productivity vii or tilt! income-L;ehooling relationJhip

appeaI. ed 1,,rcatly I,ore tenable.
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CHAPTER I

INTRODUCTION

Since the formulation of the human capital concept, much attention

has been focused on the relationship between income and schooling. That

schooling exc.rts a substantial positive effect on income has been well

documented. Direct calculations of internal rates of return to school

in performed in the earlier studies of Beek_r (3 ), Hansen (10), and

others clearly demonstrated that, as an investment, schooling was

competitive with physical investments. Later research, attempting to

control for Innate ability and family background characteristics which

could impart upward biases to the estimate of schooling's return, in
1

general, did rot diminish this finding.

However, a more fuulammtal quesLion has recently been raised

involving the underlying nature of the observed relationship between

income and schooling, in essense, the link upon which it rests. The

issue revolves around the extent to which formal schooling serves to

augment worker productivity and, th is, social output, as opposed to

conveying information to employers about the probable productive

capabilities of prospective workers without, in itself, enhancing those

capabilities. In other ciords, the investment in schooling may serve

the purpose of enhancing one's skills (the human capital view) and/or

of identifying oneself as a more productive person (the screening view).

1

See Crillichc:; and nyOn (9 ), Haullc (11), or Oinds ( 7)
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Although the private rate of mown to schooling may be invriant

to the mix between tne "productivity" and "identification" effects, the

social return depends crucially upon their relative importance. In the

extreme, if schooling's sole function is informational, its social pro-

duct is related exclusively to the social value of :,he information

imparted.

A brief outliue of the dissertation will serve to demonstrate its

aims. In Chapter II a model i; developed whicn explores the impact of

labor quality uncertainty on a competitive firm's demand for productive

fact,rs. Given imperfect information about worker productivities, a

rationale is shown for the use of screening devices which segment the

population into classes differing with respect to their "skill"

distribution parameters. In particular, firms are shown to pay a

premium to workers associated with (schooling) groups with higher mean

skill levels and lower variance-mean skill ratios, the latter component

being a return based upon the relative riskiness of the input.

The model is, hedever, only a partial analysis as schooling de-

cisions are ignored. In Chapter III several models incorporating this

aspect are critically surveyed. The proposition is that individuals,

in maximizing incomes, may choose schooling levels in a manner systema-

tically related to their endowed market productivities which, being

based upon what firms believe the schooling- productivity relationship

to be, exactly conforms to those beliefs. The crucial assumption is

that schooling acquisition costs are negatively related to market

capabilities. A modification of this assumption is explored in the

text. Moreover, as a direct consequence of the presumed production

process, aggregate ':-Itput is unaffected by the placement of workers
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either within or between firms. Using the model presented in Chapter II,

several possible sourc,!s of aggregate output gains associated with the

efficiency of the screening process are isolated. The latter part of

the chapter surveys two empirical studies. The first attempts to show

the existence of a productivity effect while the aim of the second is

to demonstrate a screening effect, although a somewhat different one

than that described above.

In Chapter IV the results of further empirical tests are reported.

An attempt is made to isolate both the mean and variance cosponents of

schooling's return mentioned above.

Chapter V presents a summary of the major theoretical and

empirical findings of the dissertation.
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TILE, DI:VIAND ),,OR YACIVRS Oli PRODUCTION UNDER IMPERYECT IN] 01U'iATION

WITH. APPLICATIONS TO EMPLOYMEN'r SCREKNING

In this chapter the behavior of a competitive firm whose labor

inputs are of uncertain quality is analyzed. The problem arises for

the firm because it must choose its workers from a population composed

of individuals possessing a diverse set of productive attributes or

skills, most, or even all, of which are not directly olservable by the

film prior to an individual's employment. Productive attributes are

defined so as to include both concrete technical skills and personal

characteristics such as motivation and responsibility. In short, the

set consists of all attributes perceived by the firm as contriF.siting

to an individual's productivity. However, since education can be viewed

as either augmenting some of the elements in an individual's vector of

productive attributes or as a predictor of these elements, or both, it

is not considered as belonging to the set. Similarly, race, sex, ex

perience, marital status, family background, and other characteristics

which (may) serve as possible information sources to the firm are

excluded. By using this classification'scheme we wish to draw a sharp

distinction between those items which enter directly into the firm's

production function and those which way simply segment the population

into subgroups whose skill vector distributions may possibly differ.

To clarify this distinction we will refer to the former as elements of

an individual's human capital stock and to the latter 4s "screening

devices." Note that a screening device is not necessarily a passive

instrument, but, as in the case of experience, may possibly augment an

st:ork of marketable skills.

To be more concrete, let ki = (kil kit ... kin) be the ith

individual's vector of productive attributes, where the total skill set
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consists o: n different types; thus, for any single individual some of

the elements may be zero. Corresponding to each occupation there is

assumed to exist a function which transforms these elementary productive

attributes into a skill index. The ith individual's skill index for

the jth occupation is given by sij = fj (kii, kit, .., kin) Since

individuals vary with respect to their human capital vectors, it is

possible for individuals to have different skill indexes across occu-

pations and within occupations to have some dispersion in skill indexes

across individuals.

The production process within she firm is assumed to take the

bile ping form:

(1) Y = F(Si, S2, ..; Sy, K)1

L j

ar " f C, ) 1. f (k ) + f (IcL );il 2 J

aggregate skill for the jth occupation,

144 = the number of workers employed in the jth occupation,

and K = non-labor .inputs.

The firm, therefore, is envisioned as employing individuals for

particuLx occupations or job categories.

With perfect certainty a3 to each individual's human capital vector

the ith person's market wage for the jth occupation is given by r
51

s.

i.e., the product: of the competitively determined real rental rate per

1
Positive and diminishing marfjnal product:; are assumed.

-6-



AMMABLE
unit of the jth skill index and the ith individual's skill index for

2

that occupation. Hence, within the framework of fixed human capital

vector.;, both inter- and intra-occupational wage differentials can be
3

generated. Horeove, group wage different:J. Is within occupations

would exist solely as a result of differences in group averages. For

example, the relative wage of high school to college graduates would,

rsj 8ilj
= -nJ

17,,,
for the jth occupation, equal where S denotes the

rsj
Scj Scj

average level of the skill index. However, group differences over the

entire population also depend upon the allocation of workers to

occupations. With perfect information this would be accomplished so

as to ensure each worker, given his skill vector, receiving his
4

maximum possible wage (utility adjusted).

2

The ith individual's ma j
thr inal product in the occupation is

BF . bF . b'a BF
617 "3-S-: . s

1j

3
%

It would be interesting to explore this certainty model in a general
equilibrium context of occupational choice allowing for human capital
augmentation. Sec Fn. 4, 5 for a further discussion of this point.

4

Although occupational choice is not considered in the model that
follows, one can easily see that the return to schooling, for example,
is not invariant to this choice if productive attributes, and, there-
fore, skill indexes are differ( itially augmented.

-7-
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The increment in output from an additional unit of the ,nth

elementary skill due to the employment of an extra worker will depend

upon the function to which the worker is allocated. The marginal pro-

duct of the £th
skill when applied to the jth occupation within the

firm is

BF bSj BF - ZE rit
(2) /4Pii Yu.

BSJ

i.e. its addition to the aggregate skill index times the marginal

product of the skill index. For example, an extra unit of typing skill

may have a high marginal product when embodied in an individual employed

as a secretary but a negligible one when embodied in a manager for whom
5

its skill index contribution is small.

5

Notice that the facte-zs being purchased in the market are the skill
indexes and not the elementary attributes. Since the former are
technologically determined from the latter, it is possible for indi-
viduals to have redundant amounts of specific elements as, for example,
in the case where all the transformation functions arc of a fixed-co-
efficient nature and not all proportions of the elementary attributes
possessed by individuals are represented in the occupational structure.

An alternative is to enter aggregate amounts of each attribute
separately into the production process as in Welch (L9), i.e.,
Y'= r(ki, k2, kn, K). An individial's rate then depends upon
his human cc.lpital vector and real rental rates on then elementary
productive attributes.

The specification in the text was chosen because it lends itself more
easily to the problem of quality uncertainty.
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For the competitive firm, thu profit maximizing level of the jth

aggregate skill index is found by equating the real rental rate per unit

of the jth skill index to the value of the jth skill index's marginal

product. Denoting S*j as this optimum, workers will be added until their

combined aggregate skill index is equal to S*j. Each worker is paid a

wage proportional to his contribution to S*j. However, firms would be

indifferent as to the exact number of workers it employed to obtain its

aggregate skill requirement; a firm employing 100 workers would be as

profitable as one using 10. But this arguruent assumes transactions costs

to be either negligible or unrelated to the number of workers. If, for

example, there existed a specific training cost necessarily expended on

each person, firms would attempt to economize on their physical labor

inputs. The indeterminacy of the physical labor requirement stems from

the fact that numbers do not indepomdently entPr into t1 prorbtPtion

function and, thus, do not affect marginal skill products for constant
6

skill Inputs.

Now, suppose that employers have no a priori estimates of human

capital vectors. Instead, let the jth skill index be distributed over

the population with man [Lj and variance a2j, both of which are known

with certainty by the firm. Each firm is seen as drawing a random

sample from the total population for each occupation with si being the

obtained sample skill mean for the jth occupation. The first two

moments of the sample mean are (the population mean) and a2j/Li

6

One could, of course, separately enter physical units (warm books)
into the production function.

-9-
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where L. is the size of the sample drawn (the number of workers employed).

jthThefirmreceivesS.=s.L
j

units of the aggregate skill index
J

7
whichisitsoldistrautedl./Ithnicanii.=1.1.L. and variance 02 L..

J J

Upon expanding equation (1) around thepoint (S1, S2, ... Sv, K) and

taking a second order approximation, we obtain

v
(4) = K) +

j

E
1
(s - pi) L

=

+ L? E E G.-110 LiLk
J-1 J J DS. j k J j k

j9tk

where all partial derivatives are evaluated at (S1, S2, ... Sv, K).

Since E(si - 11j) = 0 and E(Ti o2 /L., and, assuming that

sampling is independent over the v occupations, expected output is

v
(5) Y = F(S S2, S K) + E all

FS'1 ' 2' " " v' J,1 J J

F(S1, Si, ..., Sy, K) + 1/2 - -
j=
X R. S
1 J j

Fsjsi

= 4,(Si, S2, *of, Sv, R1, R2, p Kv, K)

wher, R. = o2.J /11j = the variance-mean ratio for the Ploccupation,

and

Fugj = 2_IF7z. evaluated at (Si, S2, ..., Sy, K)
tiSj

411.

Thus, expected output is that level of output obtained with certainty

if labor were homogeneous plus a variance correction.

)2 L2 = o2/L . L2 = a2 L1.3(Sj--Si)2 = EGi [Lij.ii
-10-
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with a single aggregate skill input. Equation (5) reduces to

(6) Y - F(S, K) +

= (1)(S , R, K)

where -S= RL,

R = the population mean skill index, and

R = 02/R.

The variance-mean ratio can be interpreted as a measure of risk or un-

certainty attached to the labor input in the following sense. If

individuals possessed identical skill vectors so that C2 = 0, the profit

maximizing level of aggregate skill could be obtained without error.

For example. denoting S* as the optimal skill input and R as the number

of skill units embodied in each individual, L* Sic/R would be the

optimal labol input. This case is exactly analogous to that under

perfect information since R is known although the labor input is now

determinate without resorting to the existence of transactions costs.

However, if human capital vectors differ, 02 > 0, the firm can never be

'assured of obtaining S* regardless of the number of workers it decides

to sample. The question is whether the firm will alter its employment

decision in response to the introduction of uncertainty, i.e., skill

variance.

The first effect attributable to the introduction of risk is a

reduction in expected output at the original equilibrium input levels.

Thir can be demonstrated by differentiating equation (6) with respect

to skill variance (mean constant;. This yields

(7) +R
Bo - Bo-



however,

(8) R = F--
SS

BEST COPY AVAILABLE

which must be negative under the con

cavity assumption. Firms, therefore, will be risk averse, always

preferring to sample from a population characterized by lower variance.

The equilibrium conditions for the profit maximizing competitive

firm are:

(9) Y = 4(s, R, K)

(10) PL = 41,

(11) PK =

(12) X = Py = MC

where PL is the wage rate, Pk the real rental per unit of capital, and

P., the product price.

Totally differentiating equations (9), (10), and (11) with respect

to skill variance, allowing inputs to vary but maintaining a constant

mean sill index and writing in matrix form, yields

if 0
01, 0K

SI, OIL

41K OKK//

8

Oa = and is obtained from equation (6).

9

4102

In other words if fueed with is fair gamble of receiving S e or
S c each with probability 1/4 or of receiving S with certainty the
firm would select the latter since ¢(S, It, K) < cp(T;, K).

12



Solving for the three unknowns yields PY Ay

(13)

(14)

(15)

dL
To-2*

dK
TT

= [

[

(42 - ¢(52) Ao gt10.2 AL - ¢K02 AK ]

( 4'02) AL 7fta2 ALL cl)Ka2 AKL ]

(3V

( (f)0.2) AK __ ka2 ALK 1/4(32 AKK /Aa

where A is the determinant of the left hand square matrix and the sub-

scripted A's are the relevant cofactors. (Subscripted yb's are partial

derivatives).

We have shown the first effect to be a reduction in expected out-

put at the original input levels. The second effect entails a movement

away from the previously optimal factor ratio at the new lower level of

expected output. This pure substitution effect can be isolated by setting

(1) - 4,02 Lquil Lo zero in (14) awl (1j), i.e.
' (1)14 dK- = 0.

da2 a (4;2

The percentage changes in .the two inputs are

(14') dL
L dal ciLK aK (

OT a2 6
Ka2

444 44(

(15') 1 dK
K d 2

- cYLK
_

a

where aLK
is the elasticity of substitution of labor (evaluated at g)

and capitol, al, is labor's share in total cost and aid is capital's

10
share in total cost. The percentage change in the labor-capital ratio

10

aL
4L+4K

0 < aLK < m

-13-
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is therefore

1 dL 1 dK AlE2 $ Ka21
(16) 1: c1F. K7 67 LK 01, OK

The direction of the pure substitution effect is seen to depend upon

the relative effect of variance on the marginal expected products of

the two inputs. Since

and

(17) °La2 h (151g

(18) 2
p. S F-- ,

SSK

upon expanding equotion (16) we find that the substitution effect is

related to third partial derivatives.

(19)
La2

;51,

(!) i 2

OK
ti

(FK FK FSSS FS FSS'K)

The signs of F--- an F -- indicate the rate at which the marginal
SSS SSK

product of skill declines with increased usage of labor and capital,

respectively. Hence, if I'D( > 0, an increase in the quantity of

capital retards the rate of decline in labor's marginal product (and

raises its own marginal expected product) while a negative value for

FnK implies an acceleration in the rate of decline of labor's mar

ginal product (and a reduction in its own marginal expected product).

A similar interpretation can be given to F.
SSS

Therefore, depending upon the form chosen for the production

function, the substitution effect may be either to increase or decrease

the employment of the risky input. From equation (17) we see that if

S--->
F--> marginal expected product of labor may actually be--

FSSS '

14



1 MAME

enhanced with the introduction of uacertaIntv. Stated differently, it

is possible for an. Increase in the labor input to reduce the negative

impact of variance on expected output if the rate of decline of labor's

marginal product is sufficiently slow, i.e., if Fg-gz; is sufficiently

positive. Rewriting equation (6) as

(6') ST= r(s, K) + .L2. F--
L SS

an increasc., in variance raises s2/1, which, since F-- < 0, reduces
SS

expected output. Although increasing L does lower effective variance

(112/L),it may also have a deleterious effecton F-- even if F--- is
$S SSS

positive. It is the combination of these two effects which dictate

the sign of hx2. Simply stated, the sign of the pure substitution

effect is determined by the relative effect of the two inputs in re

ducing the impact of variance on expected output. Thus,although

uncertainty originates with the labor input, it may, nevertheless, be

more efficient at reducing the variance effect on output than the

capital input.

For example, in a quadratic production function, all third

derivatives vanish so that the sign of the pure substitution effect

must be negative, i.e., less of the uncertain factor is utilized.

BEST COPY AVAILABLE
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Rowever, for a Cobb-Douglas production function 4)
La

2 0 and (1)
Ka

2 ,4 0,

11
Implying a positive substitution effect.

Figure 1 Illustrates the case of a negative pure substitution

effect where A corresponds to the position prior to the introduction of

All uncertain factor and B corresponds to the new equilibrium established

at the lower level of expected output, Y1, after uncertainty is intro-
.

duced. There arc, however, two further effects. First, there is a

direct production effect corresponding to a northward movement along

the new expansion path in order to restore output to its previous level,

TC
Oa Secnnd, there is an induced production effect in response to a

ch:Inge in marginal expected cost after regaining the original output

level. In figure 1, the direct effect is show:, as a movement from B

to C aad the induced effect from C to D.

11.

Y Asal 02 ; al a2 < 1

F-- = Act]. (al - 1) gal -2 Ka2 < 0
SS

F--- = Aal (al - (a - 2) Kaz > 0
SSS 1

FSSK = A a icf,2 (all.) Sct.172 Kc12 1 <

(Plz 2 = (1-1)2 Sal-2 KU2 > 0
2

, A
Ka2 -41

a
1
a
2

(a1-1) T11-1 Ka2 < 0

-16-
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The Effect of Skill Variance on Factor Demand

) 0

K

Both the direct ani induced effects are movements along the same ex-

pansion path and are in opposite directions. Marginal expected cost

must increase with the Introduction of uncerLainty, i.e., MC must be

larger at C than at A with a2 = 0. The new equilibrium level of output

must, therefore, be lower than in the certainty case. The question is

which of the two effects, the direct or the induced, will outweigh the

other. The net scale effect is obtained by setting 02 u* 0 in

dal

equation (13).

This yields

(131) d7k/X (04;2 EX 41:e2 EX

doe OL EPL OK EPK

where and FAX-- the elasticities of marginal cost with respectT.Tr-an
"'K

to the factor prices of labor and capital respectively. The percentage

change in marginal cost is a weighted sum of percentage changes in the .

-17-
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marginal products. If both factors are normal 5)!._.> 0, the sign

of the net scale effect depends solely on marginal expected factor

product changes as in the case of the pure substitution effect.

Figure 1 illustrates a positive net scale effect, i.e., a further
12

reduction in the expected output from Y1 to Ye.

12

For the competitive firm the scale effects are shown in the following
figure. Labelled points correspond exactly to those in Figure 1. Givm
product price, P,, output is at Yo prior to the introduction of an
certainty. With/the introduction of skill variance marginal expected

c/MCO 0

0 V," Y, fo

cost rises. There are three possibilities for the net scale effect. If
the initial impact of uncertainty is to reduce expected output to Y1, the
net scale effect is zero; the direct production effect is a movement from
B to C and the induced effect from C back to B. If expected output
initially falls only to 11' the direct production effect is outweighed
by the induced effect and the net scale effect is positive; output falls
further to Yi. Likewise B" illustrates a negative net scale effect.
For a monopolist, the substitution effects given by equation (16) are

identical. The direction of the net scale effect, however, does not
directly depend upon the sign of equation (13') but on the elasticity of
marginal revenue with respect to output. For movements between B and C
(those to the left of B must entail a larger output than that obtained
after the initial output reduction), the net scale effect will 1 posi
tive, zero, or negative, i.e., output will be lower, the same, or
greater than the initial change as the magnitude of i124. given in

equation (13') is larger, the same, or smaller than the percentage
change in marginal revenue due to the initial output reduction.

18
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Extending the .Aodel to y stochastic inputs ([.ee equation (4)) yields

the following equations for the pure substitution and net scale effects.

(See Appendix A for derivation),

1 V
1.4,(724 IV 01(20) - aka/. a,aKi]

j k=1 1k
¢K

IN.

v
1 dK [..E

dad k=1 fx
.

(21) n-q- = f EX + EX

'1°3 k=1 Lk
Elk

fiC

]

where ai = the ith inputs share in total cost,

a
ij

= the Allen-Uzawa partial elasticity of substitution between

the ith and jth inputs evaluated at their respective mean skill levels,

1 p, r
k jsisk

ij J
a2 = 1/2 F

j
+ 1/4 F gigi

= 1/4 Li F

.

The pure .substitution effect due to an increase in variance

associated with the jth labor input is, therefore, a weighted sum of

percentage changes in marginal expected factor products, where the

weights are products of factor cost shares and partial elasticities of

substitution. If we can interpret third partial derivatives us third

order substitution terms then equation (20) contains both second and

third order substitution effects. In this interpretation a positive

sign for F- - indicates that the ith and jth inputs are complementary
sjsjsi

Lth term inwhile a negative sign implies competitiveness. The
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equation (19) will be negative if the introduction of v.,.rianee either

reduces the marginal expected product of the £th
input and the kth input

is substitute for the ith input (ail > 0) or the £th input's marginal

expected product is enhanced and the £th input is complementary to the

.th
(ail

< 0).
(Note that a negative term results in increased usage

of the kth factor). The marginal expected product of the £th input

will decline if F- - - < 0, i,e., if the £th and jth inputs are sub-SiSiSz

stitutes in the third older sense, and will rise if they are complements.

A positive kth term s.ind thus a negative effect on Li) will occur if

either the £th input's marginal expected product is reduced and a4g, < 0

or it is increased and a
it > 0. The net result will depend upon the

cost shares attached to each factor.

For the quadratic production function, all third order substitution

terms are zero; the pure substitution effect reduces to

(22) 01021
Li elaji

clad
OLj

Sins:c n,(12
j

= 1,1 -;

Sj 5 is negative, the sign of (22) is dictated by theJ,

sign of aji. If the inputs are substitutes, aii > 0, Li will be reduced.

Notice that since ajj < 0, the firm will always substitute away from

the risky input (and its complements). Moreover, the net scale effect

must be positive, i.e., the induced effect must outweigh the direct

production effect. This will impart a further reduction in Li's

employment.

Consider a linear homogeneous production function. From Euler

Thus,

I S F- + KF FCg ,T 00.
k Sk K 1'4' v

- +F
k=1 SkSj %S

= 0.

-20-
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Differentiating again with respect to Sj yields

E7i 7 7. + S1F, + + T - + F +
gl"j"j "kojoj j Sjyj FS

+ Syrksisi + KrKsigi = 0..

°LA 1/2 VkLj Fikjk ; kj

But,

Therefore,

BEST COPY AVAILABLE

F-ii- + 1/2

SiSi
- - ; k = jSi

E Lk +Lk° + K 4Ko2 = 0
k=1

which implies that

2 A 2

E ait + aK !Kai
k =1 OLk OK

Hence for a linear homogeneous production function, the net scale effect
13

is zero. The substitution effect is, however, indeterminate.

Although the results of the previous analysis are somewhat ambi-

guous as to the effect of introducing a risky input on the employment of

factors, the important point to note is that firms are definitionally

risk averse; quality uncertainty, regardless of source, must lead to a

reduction in expected output. The following extension makes use of

this fact to show how the firm is able to reduce uncertainty through

the use of screening devices.

13

For a linear homogeneous production function EX = ak
EPLk
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in the analysis that.follows factors that influence the size of the

screening return are identified. It is demonstrated that firms will

pay a premium to those workers whose skill vectors arc known with

greater precision based upon group identification. In general, pre-

ference for workers within a given group will depend upon the group's

mean skill index and its variance-mean ratio. Although the analysis

is conducted with respect to education, other screening devices such

as race or sex are equally applicable.

Suppose there are to be only two education classes denoted as Ea and

whole Ec>E11. The corresponding parameters of the skill distributions

associated ;vith these classes are assumed to be a) and (pa, a2H) .

Awareness by the firm of this skill differentiating function of education

would enable it to sample independently from within each schooling class.

The firm's obtained aggregate skill would be S = s11 LH + Tc Lc with

expectations S = µcLC + ii.HLH and variance a211LH + a2
C
L
C

1

whe4 re L.

"
and L

LI

are the number of individuals sampled from each group.
(

The production function of equation (6) can now be written as

where

14

2 2

(23) V = 0( .04 + L 4HLH aac
, )

I cp + pet

puLH + ilcLc = S and 24H 4 ab,C n
R. In the short run,

MLR+

E - 2 IR E I 6711 + )

.021, 4. 02/4

R R C C

under the assumption of sampling inclependence.

-22-
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with. a fixed stock of capital, the ma)ginal rate of substitution

between L
R

and L Is given by

(24) - dLc PR r -
dLli µC + RCA

where RR = a a C and RC = 0C /11 .

C

First, suppose that individuals within schooling classes are homo-

geneous with respect to their skill indexes. Given that 02 = a2 = 0,

education is an exact predictor of productivity, i.e., a "perfect"

screening device. The employment of education as a screening device

completely eradicates the uncertainty previously associated with the

labor input. Since RR = RC = 0 equation (24) reduces to

(25) -dLc 411

(11,11 1.4C

The marginal rate of substitution is, therefore, independent of the

ratio of workers sampled from the two classes. Workers bubstftute

perfectly for one anothe- at the rate given by the ratio of their

mean skill indexes, 41V4c . Diagramatically, isoquants relating Lc

to LR can be represented as straight lines with slope 411/4.C. Figure 2

illustrates the case where Itc > 4H, i.e., where the more educated are

also tho more productive (a fewer number of them are needed to obtain

a given level of expected output). Clearly, if the firm did not make

use of this information it would not, other than under exceptional

conditions, attain a profit maximizing position.
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Figure 2. Factor Demand with Perfect Substitution Between Schooling

Classes

1.0

-alt

"a1-4 AA

0 Z B LH

With no screening, all individuals would be employed at identical wage

rates regardless of educational attainment since the firm merely

soples from the entire pepglation (from which wortera are indistin-

guishable). This situation is characterized by a total cost line (AC)

having unit slope. In order for a firm to maximize its profits; its

labor force would have to be composed solely of E workers. Assuming

that educational attainment can be discerned at zero cost, the firm

Will always be in a better expected position when individuals are

screened as long as the Eli set is non-empty. Any single firm can

expect to earn excess profits from screening. To show this gain, let

L be the optimal labor input determined from the initial analysis.

Since AC has unit: slope, it can be considered as the locus of points

for which the total labor input is equal to L, i.e., satisfying the

constraint LH + L
C

L. Any point on this line represents the pro-

portion of E
H

to E workers obtained from sampling the entire

population. Therefore, for the Lc - LH ratio given by D the gain due

-24-
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to screening (the loss from ignoring edut ,don's screening potential)

is equal to the difference in revenue associated with the isoquants AS
15

and EF, total cost being unchanged along AC.

There are several reasons why education may fail to be a perfect

screening device. First, if individuals differ in some nonproductive

attributes, e.g., race, sex, family background, etc., which are some-

how related to educational attainment but not themselves perfectly

correlated with productivity, one would encounter some highly productive

individuals in a low education class and vice-versa. Second, if there

are more skill classes than there are schooling classes, at least one

class must contain heterogeneous individuals. For either of these
.16, 17

reasons non-zero variances are expected to occur.

From equation (24) we see that when education is an imperfect

screening device, workers from E
H

and LC al'u no lcgteer perfect.

substitutes . A necessary conditionfor the isoquants to be convex is

15_
L will not usually be invariant to the use of the information. Scale

effects are thus ignored, but the analysis is perfectly general for all
input scales. The potential gain from screening is thus larger than
determined above.

16
A third reason is, of course, that cducotion is differentially

productivity enhancing so that individuals are not equally affected
by the schooling process.

17

See the more general discussion of this point in Chapter III and in
Spence (16).

4110Obs
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that labor's marijual expected product be everywhere declining, i.e.,
18

(1) i < O. The mirginal rate of substitution is strictly either

greater than, equal to, oz: less than unity for all labor ratios. For

example, with
µII

= It
C

the MRS will be greater than one throughout if

RC equal to one if R
C

= R
11

and less than one if Rc < Fir

Thus, as in the perfect screening model, with equal wage rates, profit

ma:zimi%ation would entail the employme.nt of individuals from a single

schooling class.

Preference for the more educated will be maintained only if

19
(26) 02 02 > (TfiS -

ail C
(PR

Since (::
c
- > 0 r0. (:)

R
< 0, individuals with more schooling will be

0

preferred only if ( a2
C

-- a2
H

) is less than some positive number times

the diffc.,1%:ne:: ire 1A::ans (µC - 4
11

); it. is nut necessary ioi. 4
C

to be

greater than 4
11

and cr2

C
less than o2

11

to obtain strict preference.

18

The necessary and sufficient condition for convexity is

41, < VTL. p---.
SS

011 SSS

Therefore, the assumption that F--- 0 underlies the statement in
SSS

the text.

19
E workers will be strictly preferred if and only if

< 1 which reduces to rIquation (26) above.

-26-
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Figure 3 illustrates the firm's employment decision when inequality (25)

is assumed to hold. Analogous to Figure 2, A'B' is a representative

isoquant and A'C' is the isocost line (with unit slope). A corner

solution is once again obtained (at A').

Figure 3. Factor Demand with Imperfect Substitution Between Schooling
Classes

LC

Clearly, the gain from utilizing the screen is a function of the

degree to which skill parameters of the groups diverge. For any given

labor input, L, the return to employing an additional EC worker (thus

one fewer E
H
worker) is given by

(27) -S-17 - 4)- (PT PH) + I1C111117 (RC RdI

dLc L S S

20

20

cif Og (pc din) .4. (pa (xi,. + _BR; za,u)

atEl L d aLC BLIL BLC

Ala a _it Ackan (KrRo andSubstituting
dLc §2

equation (27) is obtained.

-27-
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The marginal return to an extra worker belonging to the higher school-
21

ing class is, thus a positive function of VelLu and RH-Rc. Further-

more, assuming convexity, the revenue increment increases at a declining
22

rate with further substitution toward the more favored group.

Competitive bidding for the more educated will cause WC to rise
23

relative to W
II'

For example, in Figure 3, the new isocost line M!'

reflects the increased relative demand for E workers. As shown, a new

equilibrium position is established at D where workers from both edu-

cation classes are employed by the firm. Notice that when ReRH

(L and L
H are perfect substitutes), an adjustment in relative wages

to be equal to the ratio of mean skills will result in an indeterminate

factor ratio. The firm would be indifferent as.to the actual composition

of its labor input once workers have been identified according to their

educational attainment. in general, an explicit labor ratio will

correspond to each set of relative wage rates.

21

Note that the product pes is being held constant.

22

d211.= $7; (VC-R) + PlIcillX(RC-R) OR(IIC1111)14'dL2 00

-20Rvcillitotc-Roolc-p10/g4

= oss(gc-N) gcyj(lcilli)(Rc-RlimiR-410/i3

But, SORF2¢R=1/47(TF-S---SS
0
Fp]. Hence, with 4)-0,FS-S ;<0

SS '

and Fz5 >0 the result fellows since ReRil.

23

They may both rise if the introduction of uncertainty increases the
overall demand for the labor inputs.

-28-
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Conader an extension of the model to two job categories within

the firm as represented in equation (1) with v.. 2. Suppose that

individuals are homogeneous with respect to their skill indexes in one

of the occupations, 01, so that education serves no screening function

with respect to it. At equal wages, firms would be indifferent as to

education class to which an individual belongs when hiring for that

occupation. On the other hand, suppose that the more educated are

preferred for occupation two, 0
2

, on the basis of both skill distri

bution parameters. Since firms cannot distinguish among individuals

within education classes, the wage paid to eaan type of worker must be

the same for each occupation; for, if the wage paid to EC workers was

greater in 02 than in Of the supply of EC to 02 would increase and

that to 0
1

decrease, thus destroying the initial wage advantage. As in

the single occupation model, we can expect WC/
Wi/

to rise due to the

increased aggregate demand for EC workers. Figure 4 illustrates the

effect of screening upon the employment decision within the two

occupations. In 02 an equilibrium is established" at A where individuals

from both education classes are hired while in 0
1

the equilibrium

occil7s at B where only the less educated are employed.
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Figure 4. Two-Occupation Case: Perfect Substitution

ICI

As a second application, suppose that Lc workers are strictly

preferred to L
11
workers in Loth occupations but tliaL the sereeeing

return is greater in 0
1
than in 0

2'
i.e., _ due to

l
. Li dLc2 L2

larger differences in skill parameters in 01 t.an in 02. If, for

example, cr2C2 >
9

412C1 all otherparameters and technical considerations

the same, isoquants corresponding to 0
1
will be less steep than those

of 02. Thus, for any given set of relative wages, the proportion of

L workers employed in 0
1
will be greater than that in 0 . Stated

2

24

. Note that this could be due to technical considerations such as the
impact of occupation-specific skill variance on expected output dif
fering across occupations.
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differently, Lc workers have an absolute advantage in both occupations

but a comparative advantage in 01 and, therefore, 01 will be more L

intensive than 0
2

. Fii;ure 5 illustrailes this situation.

Figure 5. Two-Occu;ation Case: Imperfect Substitution

Clearly, it gill be advantageous for firms to utilize all zero

cost screening devices as long as segmentation elicits inter-group

skill parameter differences wnich lead to a positive screening return.

From equation (27), we see that the size of the screening return is

not only a function of the skill parameters but is also related to the

marginal expected skill product ( 0- ) as well as the impact of skill

variance on expected output (¢R ). The extent of the return is not

necessarily uniform over occupations, and, thus, education distributions

may be widely divergent. LAtensions to other negligible cost devices

is obvious and leads to similar results. Thus, for certain occupations,

individuals may be required to possess a specific set of characteristics,

-31-
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e.g., B.A. acid 5 years experience, while for other occupations the set

may be less restrictive, e.g., H.S. and no experience required. How-

ever, even vithia a narrowly defined vector of desireable characteristics

substantial productivity differences may exist. If all zero or near

zero cost screening devices have been exhausted, the firm faces the

decision of employing any individual whose qualifications meet the

desired specifications or of incurring some additional cost in attemptlng

to more exactly predict individual productivity levels.

Suppose, for example, the firm administers a test to each prospec-

tive employee at a constant cost per candidate,.h. The efficacy of

such a device hinges upon its ability to predict an individual's skill

index. For simplicity, assume that the device can segregate the

population into two groups with skill parameters g
t
la2

t
and 110, a2et

where the t' is preferred en the basis of these parameters. The

test would act as a perfect screen if it divided the population into

groups with zero varionces; if no two individ'als were exactly alike

with regard to their occupational skill index, perfect predictability

would require the discernment of each person's skill index.

Following our prior analysis, for any given number of workers, the

marginal expected return from an additional preferred worker is given

by

(28) ,___ = 0-(Nr, ) 111-trt volt, - Rt)

i2

which, under suitable assumptions, has been shown to be a declining

function of Lo, the number of preferred workers employed. Let Pe be

the proportion of Ltt workers in the population, i.e., of those already

screened on the basis of low cost devices pti of them will perform well

-32-
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on the test and 1-/q poorly. It follows, then, that in order for the

firm to obtain L preferred workers, it would have to sample, on average,

a population of size L /pt' . The marginal expected cost of locating an

additional preferred worker is given by h/pc since the firm must sample

l/pe workers to find one more t' worker. Therefore, the larger the

number of more productive individuals in the already restricted popu-

lation,.:the smaller the cost of finding an additional t' worker because

fewer will have to be sampled (on average).

Figure 6 depicts several equilibrium positions with respect to

this type of screening device. The relevant portion of the marginal

expected revenue curve is that lying to the right of the vertical line

__

Lpt Lpt which represents the expected number of preferred workers

obtained simply from sampling L workers. Three marginal expected

cnst curves are shorn where h1 > h2 > h3. At MEC1 it will not Pay the

firm to administer the test; simply sampling L workers will have a

higher expected net return. At MEC3 the firm will test Dptt indivi-

duals, and, on average, the firm's total labor force will consist solely

of the more skilled. An intermediate result is obtain for MEC
2
where

L individuals are screened by their performance on the test and U- Le

workers (the rest of the firm's labor input) are obtained from sampling

and no testing.



Figure 6. Non-Zero Cost Screening Devices
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P.4

One might expect that as the proportion of the more productive

workers (pt') increases, holding constant the group skill parameters

elicited through testing, i.e., the more efficient are previous devices,

the less likely is the firm to employ the test. However, as pt' rises

there are two effects. First, the MEC falls since the firm expects to

obtain a given number of preferred workers with a smaller sample. Second,

the expected number of preferred workers (obtained from sampling) in-

creases for any fixed labor input, shifting 5t, Elle to the right. The

net effect depends upon the elasticity of the MER curve with respect to

Lt' . The more elastic it is, the more likely is the firm to use the
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test at higher levels of ptt. But the efficiency of previous screening

devices also affect the usefulness of further testing. Clearly, it in-

fluences the skill parameters of the restricted population from which

the firm would sample and, thus, the expected return from testing. In

the extreme case, if schooling was itself a perfect screen, the po-

tential efficiency of any costly screen would be irrevalent; the MER

from utilizing the device would be zero as no further segmentation is

possible. In general, each new device would have to sort more finely

than the previous one in order for its MER to be positive. Notice that

for education the MEC curve lies along the horizontal axis.

Thus, Alm factors which, in combination, influence the extent to

which non-zero cost devices are utilized are their cost of development

and administration, theirability to discriminate productivity types,

the level of screening efficiency associated with previously applied zero

cost devices, the effect of skill variance on expected output (the output

cost of uncertainty, OR), and the marginal product of skill, s-. Since

the importance of each probably varies across job categories (occupati,,ns

as previously defined), one would expect to observe systematic occupation-

specific differences in their overall screening intensities.

We have, so far, discussed only one type of uncertainty, namely,

individual variation in productivity about some population average

where both the mean and variance are known with certainty by the firm.

25
MOO

If, for example, pt' doubles, MEC is halved and Lpt, Lpt, is doubled.
The proportion of individuals tested will increase, decrease, or remain
the same as the elasticity of the MER curve is greater than, less than,
or equal to unity.
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Moreover, distribution parameters have also been assumed known for all

subgroups of the population. In this world, all firms are equally

efficient at determinlmg optimal input levels given intergroup skill

differences, and, although the firm may learn about its individual

workers, it gains no new information about group parameters. A model

of adaptive learning would certainly be appropriate but is not within

the purview of the current paper. Instead, a much simpler modification

is pursued.

Assume that firms are, in actuality, unaware as to the true para

meters of the skill distribution but maintain a subjective belief about

them. Specifically, let a2 denote the degree of uncertainty attached
26, 27

to the true mean of the population. Call this type II variance

as opposed to a2, type I.variance. Since firms may differ in their

beliefs based upon prior experience (as long as a2 isn't zero firms

will usually differ as to the skill parameters of the workers they

actually employ), factor ratios may not be the same for all firms.

One could define "managerial skills" to be the ability of entrepreneurs

to estimate true parametric values, and, given some dispersion in this

ability, one would expect firms to differ in their allocative efficiency.

26

A subjectively distributed with mean g and variance 02.

27

The case in which skill variance is also unknown is much more
complicated and is not dealth with here.
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Expanding the model to include this type of uncertainty we obtain

(29)

where fij = 02/14
2

and the other terms are as previously defined. Notice

that a2 enters in a slightly different form than does a2 . This is

because uncertainty as to the value of pi Is independent of sample

size (at least prior to employment) while the variance of the sample

mean is not. However, the introduction of type II uncertainty leads

to similar results withrespect to its impact on the firm's employment

decision. For example,

° F
(S1

I

Z
02/111

j
FS
SjSj

Sv
K) h

mi
/

A '28

"1 4)CS1,T2,.-,Ri,R2,..RoRi,R2,..,Hv,K)

(30) _aY---- . 1 er h Lj Fsisi
Ri

which, since F-
SjS

-
i
< 0, is negative and, thus, the introduction of a!

also leads to a reduction in expected output at the original input vector.

Comparing equation (30) to equation (7-8) shows that the effect of a

unit increase in a2 is larger than that for a unit increase in 02

The reason is as follows: aggregate skill variance in the former case

is a 02 L2 and a2 L for the latter. Thus, for a given sample size,

expected output will be more adversely affected by an increase in

type II variance.

28
All covariances are assumed to be zero in the derivation. Thus

sampling efficiency is unrelated to uncertainty as to the level of

group means (see Appendix A).
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Now consider the one skill input production model. The pure

substitution effects for changes in a2i and Ci2i respectively are

(31a) pat
1 dL 1 dK

..
oLK Lag - fKo2

, and
L doe K da2 PIPE OK

(31b) PA2 '1 dL - 1 dK . °LK 71;2 (111(;2

L ti;2 K do2 !L OK

But, h:02 == L[4La2 + II Pg] and
al 141(02'

so that

(32) 14.02

r;2
OKOLa2 - L.Ko2

t(OKOL02 Yita2) + LIWK

If P
a
2 < 0, then p02 must be more negative. Thus, if the introduction

of type I variance leads to substitution away from the risky input, the

effect of type II variance will be reinforcing. However, if P02 > 0,

we cannot predict the sign of P;2; the labor input may be less effi-

cient at reducing the effect of type I variance yet more efficient with

respect to type II variance. Similarly, the ratio of the net scale effect

is
EX EX

(33) No2 "(Y)ti2 dt4T412 )

Irc77

-L( +K4La2 E2 + .002 -11)- h F - -$K EX
EPL EPK

SS
EPL

A A
Thus, if NO2 > 0 so is N,v 2 while if No < 0, no preduction about NO

is possible. These results carry over exactly to the v input model.

To continue, suppose once again there to be only two education

classes, EH and Ec. Now, hew-ver, there are three parameters associated

with each group's skill distriburton (gni a2 ) and (tic,

respectively. With v =, 1 equation (29) becomes

02 2)

C'
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ofiLli .0IELc
(34) "f IIC LC,

pliLH + gcLc

2 2 2
011Lli ack

P.CLC)2

assuming uncertainty as between groups to be un correlated.
29

With K fixed,

(35) - dLC as Pa
dL

H

41.1.1
211LII

R
-
24R + R
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14- - R$
R

- 2114,4 + R
C R

+ 2ucidc R
C
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S R

which, analogous to equation (23), is the marginal rate of substitution

between workers from till two education classes.

Following our previous logic, the marginal return to the replace-

ment of a less-educated for a more-educated worker is given by

(36) d5F
dLc L

Pc47.
(gc-N)A- + [1/2 (Re-RH)

S

PcLcRc-glitirti

At equal wages (Wc0WH), there will be a positive screening return when

dY
Ea > 0. With the inclusion of type II variance, we do not always

obtain strict preference for EC workers even given gc RC < RH

and RC < thethe sign of equation (36) explicitly depends upon the

Lc-LH ratio. To illustrate, suppose that gc ob gu, al lel,

29
This is probably the most severe of the covariance assumptions since

one might expect, abstracting as we are from prior experiences, firms

which are more uncertain about one group to be more uncertain about

all groups.
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and 08 = a 0 0. The screening return will still be positive for all

values of Lc and La for which Lc < La, and, thus, in equilibrium firms

will employ an identical number of workers from each group. However, no

preference ordering is established, screening being pursued only to

minimize the firm's aggregate level of uncertainty.

One can see that the impact of type II variance on factor inten-

sities is not completely symmetric with that of type I variance. Type I

aggregate variance (02L) is equal to ciLc + 0fiLil while type II aggregate

variance (02142) is ;8 L8 + L.2, so that, to take an extreme example,

if a = 0a, 02L = 02 (Lc + Lli), which for a fixed labor input is

unaffected by its composition while if 08 = 0A = 04, 02 L2 - 02
(L8

.1. LH)

which is minimized only at Lc = LH.

In gel 2ral, the inclusion of a2 does not change our previous

results, serving only to mitigate or ameliorate the effect of 02 on

the demand for the more educated. The extension to more than a single

occupation also parallels the previous analysis. (See Appendix A).

In summary, there are three components of the private return to

education. The first is attributable to differences in group mean skill

levels which may or may not bear any other than an associative relation-

ship to the educational process. From the point of view of the return

itself, it is irrelevant as to the exact productive attributes enhanced

by schooling, be they affective or cognitive, or even whether an indi-

vidual's stock of human capital is actually altered by having passed

through the educational system. As long as schooling groups differ

as to their average level of productivity and information about indi-

viduals is imperfect, the demand for labor will be based upon group

identification. The second component is a function of skill variances
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about the group cans, the demand for labor of a given glass being

negatively associated with its variance-mean ratio. The third part of

the return is related to the firm's uncertainty as to the true value of

group means; specifically, there is a negative relationship between

the demand for a given group's labor services and the ratio of this

type of variance to the square of the group's mean. level of skill.

41/42.
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CHAPTER III

A CRITICAL REVIEW OF THE SCHOOLING-SCREENING LITERATURE

The purpose of this chapter in to present a survey of some recent

theoretical and empirical attempts to identify the underlying nature

of the education-income relationship. The conventional view is that

education :.chances earnings via the production of marketable skills,

the productivity augmenting view. But, the models presented in this

chapter demonstrate that one need not assume greater productivity as

the intermediary between schooling rnd earningi. Schooling's return

may be informationally based. In the polar view education serves only

to identify those individuals who are the more productive, the propo-

sition being that an individual's productivity is unaffected by the

schooling experience. This can be referred to as the "pure" screening

hypothesis. Briefly, the notion upon which the screening view is based

is that there exists some endowed productive characteristic or vector

of characteristics which being unobservable to the firm and unaltered

. by formal schooling are nevertheless proxied for by educational attain-

ment. One can think of these characteristics as endowed skills or

ability. Ability, when used in this sense, specificAly refers to

those innate characteristics of an individual which produce earnings

and should not simply be thought of as native intelligence. Through a

mechanism to be outlined shortly, schooling and ability turn out to be

positively correlated, and it is this association which leads to a

positive return. That educational institutions produce something is not

at issue. The question is rather to what extent their output serves
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to augment productive skills as opposed to being an informational device

which segments the population into classes differing in their (average)
1

ability endowments.

One can, I believe, raise serious doubts as to the validity of the

screening-only view both on intuitive and theoretical grounds. ThEit

there is a nroductivity effect appears from casual observation to be

obvious. Professional school:: clearly give job-specific training as

do engineering and science-related undergraduate programs. Whether

general liberal arts programs and non-vocational high school curricula

do also is more problematic. The real question is with respect to

schoolines'dominant role, namely, the portion of its private return due

to the direct acquisition of skills as opposed to factors which are,

in a causal way, unrelated to educational success.

The models to be presented support almost any mix - one cannot

form an opinion as to the relative importance of screening based on

theoretical considerations. The major point of these models is that

they present an alternative explanation of observed private rates of

return to schooling which may have significantly different implications

for social policy. For example, in the screening models surveyed in

this chapter, the absence of a productivity effect would imply (ignoring

income distributional questions) a negligible social investment in

schooling as the appropriate policy. However, as demonstrated in a later

1

It has rectmtly been argued by Gintis (7) that schooling's major role
is as a socialization device and, thus, produces marketable traits.
But, this possibility is also denied in the ureening view.
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section of this chapter, the social return to schooling may also in-

elude an informational component. Although this role is not unrecog-

nized in the literature, there are few formal statements concerning
2

the nature of this function. Empirical work in this area has been

just as ineffectual in distinguishing the separate effects. This is

not only due to the usual data limitations but more fundamentally to

a problem of ingenuity in the development of appropriate tests. Many

of the difficulties associated with testing the screening hypotheses

are discussed in the empirical chapter.

One can also reject the extreme screening view on theoretical

grounds. For, suppose a firm were to hypothesize that education was

serving only an identification function. If the firm could predict

which individuals in the population would be successful in school, the

firm could earn excess profits by attracting those individuals at a

wage only slightly higher than their wage net of educational costs

(their alternative wage after having identified themselves) yet less

than their marginal products. I would think that the development of

such a device would not be so costly as to inhibit its use. The fact

that schools themselves use testing procedures for this purpose

strengthens the argument. If such an information source were discovered,

the usefulness of education as a screen would be destroyed, and, if this

2
Arrow does deal primarily with this aspect although in a different

model than that presented below. Stiglitz (17) mentions several
sources of a social return to identification but does not incorporate

them into his work.
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were its, only purpose, no investments in education would F" undertaken.

That this has not occurred appears to me to be a strong indictment of

the extreme view.

One can more easily dismiss the naive screening view that firms

merely believe there to be real productivity differences between indi

viduals of different educational attainments when in fact none exist,

i.e., all individuals are similarly endowed. In this case there would

be no incentive, if actual productivities can be discerned from job

performance, for firms to continue to reward newer cohorts of the more

educated with higher wages. However, recent evidence suggests that

private rates of return have been relatively stable or even possibly
3

increasing over time. Moreover, the existence of differential pro

ductivities is crucial to the more sophisticated screening models

presented below.

Screening models are a subset of a much broader literature dealing

with ernnowle decisionmaking under uncertainty. The basis for this

literature is the observation that many economic decisions are made

with only imperfect information. Rothschild (14), in a recent survey

of the literature on the existence of pris.; variability in factor and

commodity markets and the concomitant search procedures necessary to

sustain such variations, persuasively .i:-gues that meaningful results

can be obtained only by modelling the behavior of all market partici

pants in a way which does not assume naive adjustments by one set of

3

See Welch (23) for a discussion of this point and also Grilliches (8)
who contends that the future trend will show a decline in the rate of
return.
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economic actors without recognizing the reactions of others to the

information imparted by those actions. It Will be useful to keep this

remark in mind during the ensuing discussion.

As outlined in the previous chapter, the type of uncertainty

associated with job market screening is with respect to labor quality.

Firms mist hire their workers from a population composed of individuals

whose productive capatilities are unknown to the firm prior to the

employment decision. The existence of transactions costs, specific

training costs (the outcomes of which may depend upon initial ability),

and time lags in the discernment of worker productivity from onthe

job performanc, monitoring will act as an incentive for firms to

utilize devices which sort individuals according to their abilities.

But, there is a more important reason for the use of screens. Any

single firm can expect to gain a competitive advantage by identifying

the more productive workers to th.- extent that the information gain is

not appropriable by other firms. Any zero cost device (to the firm)

will be employed as long as it discriminates, however imperfectly,

between individuals. The argument is similar to the one previously

made, namely, that if a competitive firm can costlessly determine who

among the population are the more able, it will attempt to attract

those individuals at a wage greater than their net alternative but less

than their marginal product. If the information is public in the sense

that if it is available to a single firm it is available to every firm,

the more productive individuals rather than the firm will appropriate

the gain. Firms will utilize any zero cost device, but individuals

will (if the retura is large enough) supply the information. See

4tiglitz (17) for a fuller discussion of this point.
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To begin, consider the model developed in the previous chapter.

In it, the effect of labor quality uncertainty on a competitive firm's

employment decision is explored given the existence of a device

(schooling) which sorts individuals into groups of known skill distri-

butions. The Production process is assumed to depend upon an aggregate

skill input for each of several Job tasks performed within the firm.

The production function is assumed to exhibit positive and declining

marginal products in all arguments. The firm is envisioned as drawing

a random sample from the population (pre-screening) in order to obtain

its optimal aggregate skill inputs, the decision variahles being the

number of Workers to employ in each task and the quantity of a non-

stochastic (riskles) capital input.. Within an expected profit maxi-

mization framework, it is demonstrated that the firm pays a premium to

those workers (with screenin3) whose schooling class has a hlgh:r mean

skill level anf'l a 'owe: variance-mean ratio. The private return to

screening ia, therefore, directly related to the efficiency with which

individuals are sorted into productivity classes, it being a function

of mean skill differences and the relative homogeneity of the groups.

Several further results emerge: (1) The private return to schooling

does not depend upon a causal relationship between educational attain-

ment and skill levels; (2) Even if mean skill differences were due to

skill formation, the private return could be higher than that under

perfect certainty if the sorting process created more
4
homogeneous groups

relative to their average at higher schooling levels; (3) An individual's

4
If there are more skill classes than schooling lvels imperfections

in the sorting process must exist. There is, however, nothing inherent
in the sorting technology of the educational system which should lead
to variance effects which favor the more schooled.
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wage depends less upon his own skill endowment than upon the skill

levels of the individuals in the same schooling class. Ignoring

variance effects, the less efficient the screen, i.e., the more low

productivity types found in higher schooling classes and vice-versa,

the lower the return to schooling; (4) Ignoring the distributional

questions inherent in (3), schooling's gross sociai product is not

necessarily zero even if its only function is as a screening device.

As already noted, explicit presentations of this result are given in

a later section.

The major objection to this model is that it ignores the reaction

of individuals to the use of education as a screen. The question as to

how the positive schooling-skill relationship emerges, given that there

may be a negligible productivity effect, is left unanswered. In par-

ticular, since it is advantageous for ony less productive individual to

acquire the same image as the more productive, namely, more schooling,

why is it that education can persist as a screen? Both Spence (16) and

Stiglitz (17) approach the.screening phenomenon from this perspective.

That is, their models are couched in terms which take the employment

decisions of the firm as given; firm size and factor intensities are

not determined within the model. Analytically, their models are best

viewed in the context ofa tingle aggregate firm although competitive

assumptions must be maintained. The firm is viewed as hiring all

individuals in the population with a given skill distribution; there is

no sampling problem. Marginal products are constant; aggregate output

is simply the sum of the outputs produced by each individual and is

unaffected by the existence of skill variance.
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Since the two models are qualitatively similar, to a large degree

they will be merged in the discussion. Both authors do explore some-

what different questions after initially developing their models, but

the main concern here is with their formal statements. Where the

models are sufficiently distinct, the specific author will be cited.

Suppose there exists a uni-dimensional characteristic, p, which

is strictly proportional to productivity. The characteristic will be

referred to as ability. An individual possessing pi units of ability

can produce in a given unit of time PIA of what an individual of p2

units of ability can produce. With an appropriate choice of scale, 3

can be considered equivalent to productivity. Ability is randomly

endowed (at least from the firm's perspective) with given frequencies.

The production process is such that the firm cannot determine, except

at prohibitive cost, any single individual's ability. Each individual

is assumed to know his own marginal product with certainty. Stiglitz

envisions an assembly line process where the firm can monitor aggregate

performance but not individual contributions to output; the speed of

the assembly line is determined by the average value of p which for the

single aggregate firm must be 13 = f cif (p) where f(p) is the ire-
5

quency distribution of ability. In the multi-firm case, T is the

5

Stiglitz notes that under alternative assumptions about the production
process, as for example, in the case where low ability types reduce the
speed of the line more than high ability types increase it, expected
output will be a function of other ability parameters. In essence,
this corresponds to the model developed in the previous chapter. It
is not pursued by Stiglitz.
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expected speed of the line for any single firm so that with risk

neutrality each worker is offered a wage of IT if no prior information

exists with respect to abilities. Since marginal products are constant,

expected output is unaffected by the existence of ability dispersion.

Drawing on Stiglitz, suppose there exists a device which can

potentially identify abilities perfectly but which must be purchased at

a cost, C, which is independent of ability. Further, assume that once

the label is bought the information is readily available to all firms

so that no single firm will bear the cost of screening. For convenience,

.ppose there are only two types of workers with pi amd 132 units of

ability respectively where Al > 02. Since the less productive indi-

viduals do not wish to be identified (as such) they will never purchase

the screen at any positive cost since it will only certify to others

something they already know and have a motive for keeping secret. If

the more productive purchase the screen, their net income is pi -C.

Now, a full screening equilibrium is possible as long as p1 -C > P2,

i.e., net income after paying for the screen exceeds the level of

income obtained by abstaining from its purchase (in which case they are

taken to be p2). A no screening equilibrium is also possible if

.0
1
-c < since, if at any moment the device is not being used, each

more productive person sees himself as having higher earnings if he

remains indistinguishable. Thus, if

(1) pi - p2 > c > pi - ,
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6

at least two equilibria are possible, Notice that if a full screening

equilibrium occurs, every individual is worse off than if the information

was unavailable even though each individual is ratirmally maximizing

income given the prevailing information. If C is such that it does not

satisfy the right-hand inequality, a full screening equilibrium must

occur, and the more productive will be better off than without the

screen. In either case, the full screening solution is socially un-

desirable as compared to no-screening since aggregate output is lower by

the total output cost of the screen.

In this formulation, schooling can be an effective screen only to

the extent that the educational system itself performs a sorting

function since each individual faces the same identification cost. For

a full screening equilibrium to exist, there must be no possibility for

less productive persons to be confused uith the more productive in the

schooling-sorting process. The performance criteria employed for

promotional purposes within the educational system must be perfectly

6

As with most models of uncertainty, the question of dynamic adjustments
is crucial but extremely difficult. Consider, for example, the no
screening equilibrium. Given quality dispersion in a multi-firm setting,
one would expect there to be output variation among firms. With the dis-
cernment of actual productivities impossible, wage rates would adjust
under competitive conditions to the average ability of the individuals
assigned to the line. The maintenance of a no screening equilibrium
would be contingent upon no individual being able to improve his
position by obtaining the label. But, individuals of equal ability now
face different alternatives and, thus, have different incentives to in-
vest in the screen. Tho stability of this equilibrium, is at least
questionable and depends upon, among other things, the form of contrac-
tual obligations and the discernment of individual abilities.
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correlated with market productivity. In other words, educational

institutions in the pursuit of their own goals (unless of course their

major goal is job screening) impose a zero return or, what is opera-

tionally the same thing, an infinite purchase cost on the less pro-

ductive. Those of type P2 will never choose to enter the system

because they have no possibility of obtaining the characteristic which

could identify them as belonging to the class of pi types.

Notice that even if individuals misassess their true ability, a

full screening equilibrium may be obtained. Suppose, for example, that

some P2 people believe that they really are endowed with pi units of

ability. Those who have erred in their self -t valuation will simply

bear the cost of finding out that they arc really of low productivity.

Since they are detected, full screening is preserved. Resources are,

nevertheless, wasted in their acquisition of the label and the mistakes

are socially costly. If, on the other hand, the more able underestimate

their ability, a full screening equilibrium cannot be maintained as firms

will find that the less educated have greater productivity than they

anticipated. If in the extreme, as Stiglitz notes, individuals are

very uncertain or sufficiently risk averse (in which case is per-

ceived as a better alternative than the outcome (pi, P2) with some

given probabilities), the screen may be inoperative.

Clearly, education may fail to be a potentially perfect screen if

schools make mistakes with respect to their evaluation of students

and/or if the characteristics necessary to succeed in school are not

exactly correlated with those which produce earnings. Suppose, for

example, that schools function in such a way that the probability of

success is independent of.p (it need not be unity). This clearly leads
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to a no screening equilibrium since schoolin; actually conveys no

information; all individuals, in effect, face the same purchase cost.

On the other hand, if the probability of success is larger for pi types

than for 02 types, it is as if the two groups face different expected

purchase costs. This is, in essence, Spence's basic assumption.

Spence posits that the two types can obtain the same schooling

level (with perfect certainty) only if the less able expend more re-

sources on education relative to the more able - in his terminology

they face a higher signalling cost. If an individual pays his sig-

nalling cost, he is rewarded with a "good" image; if he does not, he

has no chonce of success. The assumptions of the previous model are,

in general, maintained.

The firm, as before, does not know the true relationship between

productivity and schooling but, based upon past employment experience,

posits a set of subjective beliefs about the conditional distribution

of productivity given schooling. Note that learning must take place

in order for beliefs to be formed. As already noted, the performance

criteria on which schools base their decisions are such that the less

productive must expend greater effort (in the form of time or such

things as tutoring) in order to be assured of gaining the same schooling

level as the more productive can be assured of attaining with a smaller

expenditure. As Stiglitz points out, if everyone could pass through

the system without failure (or threat of failure), there would be no

basis for differential signalling costs, the existence of which is

necessary for education to be a viable screen. Only if performance

barriers which conform to market productivitics are established can

effective screening occur.
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To illustrate the implications of this model consider the following

configuration of subjective beliefs. The example is taken from Spence.
A

All individuals with E years of schooling (or more) are believed to be

of type pi and all those with less than E of type 02, each with proba-

bility one. A signalling equilibrium is said to occur when the firm's

prior beliefs are confirmed by its new market experience so that there

is no incentive for the firm to alter its beliefs in the next round of

hiring. Now, pi types will choose exactly E (they will never select

more schooling than this since costs rise with no associated benefit)

if and only if 10.11 (E) > P2, where C1(E) is their signalling cost at

E and Ci is a positive fu nction(E) iositi f of E. All p
2

persons select zero

as their optimal level of schooling (if they select an amount less than

E, they will always select zero) if and only if P2 > pi - C2 (E) with

C
2
(E) being their associated signalling cost. Given the prior arsurp-

tion that signalling costs are negatively related to ability, C2(E). >

Cl(E) for all E, a signalling, equilibrium is established where

(2) Cl (E). < p1-p2 < c2(3),

i.e., where the difference in productivities fall within the range of

signalling costs evaluated at E. A full screening equilibrium arises

because, given the beliefs of firms, individuals self-seledt themselves

into schooling. classes which, due to sufficient differences in sig-

nalling costs, conform to those beliefs. By altering the initial priors,

Spence demonstrates that other signalling patterns may emerge including

one in which everyrne obtains no schooling. This specific solution be-

comes relevant when ether characteristics, particularly unalterable ones

such as race or sex, are introduced. Although, these cases are
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interesting and possibly important, they arc peripheral to this
7

discussion.

Consider the special case where Cl(E) = 1/2E and C2(E) = 1E. For

simplicity let pi = 2 and pi = 1. The signalling equilibrium condition

reduces to

(3) 1. < E < 2.

A

Notice that any arbijzrary valudof E within this range will lead to self-

confirming beliefs. Increases in E serve only to reduce the earnings of

8

the more educated. Concomitantly, increases in E reduce social output;

within the equilibrium range, lower levels of education are pareto

superior to higher levels. Ignoring distributional aspects, the

optimal social investment in education is zero.

Subsumed in this model is a specific relationship between private

edunational expenditures and success probabilities. Any expenditure

less thaii the "full" signalling cost leads to failure, i.e., zero

7

Spence does not explicitly exclude the possibility that the more able
mzty avoid purchasing education and simply wait for firms to discover
their true productivities. Since learning must occur in order to judge
the validity of prior beliefs, such a strategy may in fact limit the
efficacy of schooling's screening function. Some assumption about the
learning process is necessary in order to fully specify the model.

8

Spence demonstrates that in the case of continuous subjective beliefs
both groups mny be worse off. All individuals would prefer a no
screening solution.
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probability of success. But, suppose that individuals are free to choose
9

lower signalling costs by taking reductions in success probabilities.

To accomodate this assumption, let the signalling cost functions be

C1 = a (p)E and C2 = b(P)E where P denotes the probability of success

and a' (P), b' (P) > 0. Signalling costs are assumed to be negatively

correlated with productivity in the sense that the less productive must

spend more in order to face the same probability of success, i.e.,

a(P*) < b (Pb':) for all P*. The notion here is that as individuals

devote more resources to schooling, they begin to look more and more

like.they belong to the set of more efficient learners and, thus, even

if schools performed solely a market screening function, the degree of

error will be associated with individual expenditures.

To conform to the prior example, let a(1) = 1/2 and b(1) = 1. In

order for the previou, set of beliefs (see pne 53) to elicit a sig-

nalling equilj:xium each less productive person must choose not to
10

enter the system at any positive p. The condition for this is

(4) 2 P2 + 1(1 - P2) - b(P2) B < 1

Or E > P2

b(P2)

9

Spence does not mention this possibility. It seems implausible to
suppose that individuals can choose only success or failure with
certainty.

10

As in Spence, individuals are assumed to maximize expected returns;
they arc risk neutral.
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P2
Note that when P

2
= 1, = 1. Similarly, the nore productive mustb(P2)

all choof;e to enter, the condition for this being

(5) 2 P1 + 1(1 - Pi) - a(Pi) E > 1

or E < P1

a(Pi)

More than this, they must opt for perfect certainty (P1 = 1); for

otherwise, some of the more productive will fail and the firm's beliefs

i

)

disconfircled. When P1 = 1,
a(PP1

----- = 2. The necessary condition for

a full signQlling equilibrium is, thus,

(6) 112- < E < P1
a(P.2)

a(P1)

Whether or not a full screening equilibrium occurs clearly depends

upon the shape of the signalling cost functions. Consider first the

case of constant marginal costs. Given our previous assumptions and

P1further assuilCng that a(0), b(0) " 0, it must be that C1 = and

C
2

= f:
2

E. The net return to the more productive when they signal is

from 6)

P1 A
(7) + 1 - . 2 E =P1 [1-1/2 El + 1

A

which is cic.rly maximized at P1 = 1 - E must be positive from (5).

The less productive will never enteL the system since, for them, the

return is from (4).

(8) P2 + 1 - P
2

E = P
2

(1-E3 + 1
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which is maximized et P2- 0 since 1 - E < O. Thus, for constant

marginal cost functions, a full screening equilibrium is obtained as

before.

The same result holds for decreasing marginal signalling cost

functions. For this case (7) becomes

(7') P1 + 1 - a(P1) E = P1(1-a(P1) E ) + 1.

Since a" (P1) < 0, letting 111 = f(Pi) it must be that f' (P1) > O.
a(Pi)

A

Thus (7') can be written as P [ 1 - E ] 4 1. But (1 1

1
1

f (111) f(P1)

must be positive by (6) and an increasing function of P
1

so that

increases in P
1
must raise earning fir any level of E up to f(1).

Thus the optimal choice is Pi = 1 .1 must be less than two for

Siml3nrly, ill order Co r!surc tint rn lees rblo person

attempts to purchase education, E muct be larger than unity since the

P2
maxikalm value of

b(P2)
is unity. Thus the condition for a signalling

equilibrium is again given by (3).

However, suppose there are increasing marginal costs. For the

less able, let -22-- = g(P2) where g' (P2) < O. In order for no A2
b(P2)

type to desire entry, the lower bound for E must be set at the maximum

value of g(P2) since, otherwise, there will exist a positive probability

at which it will pay them to purchase an education lottery. Since

P2_ -

A

b(p ) 's maximum value is greather than unity, E must be greater than
2

this number in order to be an effective signal. For the more able, let

P1

a (P1)
= h(P1) wt Ye h' < O. One can easily find examples for which

there exists no value of E within the range given by (3) for which the

optimal choice is P1 = 1. There exists no signalling equilibrium for this
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bet of priors even though signalling costs are negatively correlated with

2 .

productivity. Suppose for example h(P1) Ta7 (a(P1) = 1/2 P12) . Then net

income is maximized at P
1

1
= --which implies that the more productive will

A

choose to spend C1 = - only for E < 1 which does not lie within the

equilibrium range. In fact, for the family of signalling cost curves

given by a(P1) = Pik this result is valid.

Obviously, all that this exercise has demonstrated is that, for the

set of conditional beliefs predicting full (perfect) screening, there are

some conditions (sufficiently increasing marginal cost) under which a

"perfect" signalling equilibrium may not result. It can be shown that

the result holds for other sets of beliefs, bui; proceeding in this manner

does not constitute a proof of non-existence. However, the example does

illustrate the difficulty in obtaining signalling equilibria in a more
A

complex setting; for, the choice of success probabilities depend upon E,

and it is this choice which det%cmines whether beliefs are confirmed.

If each E corresponds to a different choice of the probability of success

(as it does in the above sample), the firm's beliefs would have to cor-

respond explicitly to this choice as the success probabilities determine

unique schooling-ability distributions. Thus, in this case, multiple

equilibria are impossible.

Spence discusses several other signalling situations, For example

it is shown that the phenomenon may coexist with education being somewhat

productive although if it is too productive relative to the differences

in signalling costs, all individuals will select the same schooling

level. It is also demonstrated that identification need not be perfect.

This arises when signalling costs are only imperfectly correlated with

productivity, the imperfection arising due to taste differences or

family wealth differences. In this case, some high
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productivity persons self-select themselves out of higher education and

are therefore associated with low-produc'Llity types. The reverse may

also occur. As long as the correlation between productivity and sig-

nalling costs is negative, signalling equilibria may exist. However,

the more imperfect the signal, the lower is its return.

111.e major point of these educational screening models is that the

empirically observed private rates of return to schooling can be

generated within a framework of incomplete information withiut relying

on human capital augmentation. The models consist mainly of existence

proofs and then only under highly uncomplicated situations. It it,

difficult to see how the existence of signalling equilibria as defined

could be established In a world in which individuals differ in their

productivities across indostries and occupations, firms have different

experiences and thus different expectations, schools make mistakes etc.

But, one needn't show the existence of signalling equilibria to realize

that the informational phenmenon may exist. After all, firms must

realize that they may obtain a different productivity-schooling dis-

tribution than that which would be perfectly consistent with their

priors. Signalling equilibria are probably flexible with respect to

new t4arket experiences. To repeat, the Leal question posed by these

models is concerned with the degree to which credentials serve as

information sources as opposed to the degree to which they signal

productivity differences which are outcomes of the schooling process.

That situations in which education plays an identification role can be

shown to exist is not surprising however ingenious the models. That

this is its only function as previously argued, appears implausable.

Suppose that education's major function is informational. That

effect does this have on the social desirability of a given educational
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investment? The question clearly hinges on the social value of the

information conveyed and upon the cost of developing cheaper information

sources of equal quality. Clearly, in a pure screening world, indi-

viduals would never choose to obtain formal schooling if they could

derive the same benefits from a less costly device. More realistically,

the extent to which private schooling investments would fall would de-

pend upon the screening-productivity mix.

To illustrate, consider the following example drawn from the model

developed in Chapter. II. Suppose there are two types of individuals

and two schooling classes, denoted by EH and E. The distribution of

skill within the two schooling groups are assumed to have as their

respective means and variances and 1 ,at . Assume that gc

and the variance-menn rtios are equal so that schooling's private

return is related only to the difference in means. The social value of

schooling depends upon how much of the difference (PLC - pm) is accounted

.'or by skill endowments as opposed to skill-formation.

In the models previously examined, the information itself has no

social value - in fact, the social return is negative. If education

imparted no skills, from a social perspective, the resources used in

the acquisition of schooling would be a social waste. Since marginal

products are assumed constant, gross social output is kilL where L is

the inelastically supplied labor stock, g is the population's mean skill

level and k is the constant marginal product of skill. Net social out-

put is CLc where C is the output cost per educated individual and

L the number of such individuals. The optimal social investment in

education clearly occurs
LC

in 0, where no individual invests in

schooling, since gross social output is itself unaffected by the number

of educated individuals.
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Assume for the moment that eiucation is acting as a perfect screen

so that q' = c2c = 0. Let sA be tha Skill level of type A individuals
it

and that of typo 13 with LA and LB being their respective numbers and

sA
s . With a perfect screen, the subscripts also stand for schooling

classes, where ti.c = sA, [La = sal Lc = LA and L11 = Lh. Cross social

product with constant marginal products is simply klI= kScLc

where S is the aggregate skill in the economy. Note that for any given

number of firms, the OistrAution of skill over firms is unimportant

with respect to aggregate performance. Now assume that firm output is

a function of a single aggregate skill as described in the previous

chapter and suppose there are N firms each employing L workers. For

the ith firm actual output is

(9) Yi = r(si, K) = V(g1 L, K)

whete si is the mean skill. level obtained by the ith fiL.1 from a random

sample of L workers. Taking a second order approximation around

S = µL = S,tbe expected arrogate skill input, yields

,.. (10) Yi = F(1114, K) + (s1-11) LF-
S
+

(s-
11)2 L2F--

ss

where F- and V-S- are the first and second-order partials evaluated at S.
S

Aggregate output is therefore

N N
(11)

iE1

y 1/4 L2FSS

i=__

E

1
(s

1
4)2.

=

The second term in (10) is zero as total skill must be exhausted.

Since V-- < 0, gross output is ma%imized where E(s = 0, i.e.,
SS

where each firm obtains the identical sample mean skill level. Assuming
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a potentially perfect screen, it can easily be demonstrated that

N
Ti(12) E ri)2 (11c-1102 E -

Ci
NC ) 2

i=1 1.=-1

where L
Ci

is the ith firm's labor input obtained from schooling class

BC and
NC

is the number of LC workers the its firm would obtain if the

L workers were equally distributed over firms. When firms do screen,

each firm samples the same number of workers from within a schooling

class. But, from (12), if L
Ci N

Lc
for all i, aggregate output is maxi-

mized. The maximum social benefit from education's screening function

is therefore

N L
(13) F--

SS
(4c-11)2

1.1,1 (LCi- NC)
9

as one can furthar demonstrate that as education becomes a less perfect

screen, its social benefit declines (see Appendix B). In this case, even

as fir,4s employ the same factor proportions, variations in aggregate

skill will persist as within group skill variances remain. The limiting

case in which screening has no social value occurs where the mean skill

level of the two schooling classes arc identical so that sampling

within groups is tantamount to sampling the total population. It should

be clear that the return to screening is due to the elimination of be-

tween group skill variance; it is as if each firm samples from a total

population with a smaller skill variance.

In the previous models, the private and social returns to schooling

had to diverge for any skill distribution containing a positive ability

component. But, in the above model, there will exist some less than full

productivity effect which will equate the two returns. The social return

may be positive even with a zero productivity effect if the cost of

education is smaller than the expression given by equation (13). Note

that the social return falls with reductions in screening efficiency
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From (13), it is easily seen that increasing the difference in

andemonts (given a perfect screen) increases education's screening

return vAh a constant population mean, i.e., a reduction in pa with an

increase in pc. Suppose, however, that, with given endowments, education's

productivity effect increases. Clearly, its social return rises as

education acids to aggregate skill. But, it is also possible for

education's screening return to increase; the effect depends upon the

rate of decline in the marginal product of skill. If F--- < 0, the
SSS

informational value of education must increase while if F--- > 0, its
SSS

value nay rise or fall depending upon the size of the productivity
11, 12

augmenting effect. Clearly, schooling has its maximum social

return for any given schooling distribution where it is a perfect

screen, and the difference in schooling class skill levels is solely

due to skill formation - in this case, the social return exceeds the

private return. If, as Stiglitz argues, screening efficiency and skill

formation are joint products, education's gross social product may rise

by more than the value of the additional skills produced by schooling.

11

12

An increase in sehoolines productivity effect is assumed to increase

This result follows from the fact that the screening return is larger,
the more negative F-- (see equation 11)) and the larger is (pc-pli)2.

SS
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Consider the introduction of a second aggregate skill input. Assume

again N Elms each. employing Li workers to fulfill its aggregate skill

requirement, Si, and L2 different workers to fulfill S2. Moreover, to

simplify the analysis, let us suppose that all individuals are equally

productive in the second occupation, but that there are two skill

classes as before with respect to Si. Analogous to equation (11) one

can derive the following expression for aggregate output.

(14) EYL=NF(3;§2) + E(sl1pi)LiF;1 IlE(Wiip)2 L2
1
Fs

1
g
1

.

Note that s
21. 2

P 0 for all firms by assumption so that all other

terms in tle expansion vanish. More importantly, notice that the

second term in equation (14) does not vanish as in the previous one

skill input model. The reason is simply that the aggregate skill input

obtained by each and thus the utilization of Si economywide de

pends upon the distribution of workers employed in each of the two

occupations. There are, in this case, two returns to screening. The

first, as before, is related to reductions in aggregate skill variation

between firms. The second, however, refers to the proper allocation of

workers within firms (see Appendix B). Clearly, there is a social

gain to allocating individuals to their most productive uses (occupations).

Total output is maximized where the more productive workers in occupation

one are assigned to occupation one.

Arrow ( 2) demonstrates the existence of a positive social benefit

to screening with a fixed coefficients production process. The basic

framework is the same as above, except that the screening return is

derived from altering the number of workers in each occupation so as

to maximize output whereas in the model outlined above the number of



liEsT air alums
woayxt; in each occupation is fixed at both the firm and aggregate levels.

Vith fixed coefUcients, the rtturn to screenir4; is zero in the previous

model as each firm is constrained to 5rtt21,2 units of aggregate skill in

occupation two. Hut, with some degree of aggregate skill substitutability,

both return are relevant; there is a positive return with the constraint

that each firm hire fixed numbers within occupations and a further

return from permitting firms to alter their factor proportions, given

the information. Equation (14) therefore yields an underestimate of

the social value of screening for any level of screening efficiency.

Extending the model so as to include more aggregate skill inputs with

different degrees of screening efficiency attached to those inputs and

allowing firms to adjust factor proportions as well as total factor

employment unduly complicates the arguments without leading to further

insights. The important point is that there exists a positive social

benefit from screening even in the absence of a productivity effect

and one which may positively interact with this latter effect.

The implications of these models can be evalUated only by an

empirical examination. Although a wide range of studies exist on the

schooling-earning relationship, few attempts have been directed toward

discovering their link. Much of the work has been concerned with

assesning th,. bias in schooling's private return which results from

ignoring measures of ability and family background. The results have

consistently found a minimal reduction in schooling's effect on earnings.

(See Crilliches & Mason, Gintis). However, it would be erroneous to

conclude from this that schooling is an input into the production of

human capital railer than in identification device. The reason is

that screening arises solely as a consequence of imperfect information.
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Schooling is simply a prmy for earnings producing skills (ability), at

least during the early phases of an individual's career. If ability

measures were perfectly cerrelated with productive skills but firms

were unaware of an individual's ability (measure), schooling might

still have a larger effect on earnings (over the life cycle), provided

that schooling served an informational function. That these ability

measures may only very imperfectly correlate with success in the job

market is actually a peripheral consideration to the applicability of
13

these studies to the screening hypotheses.

One possible test of screening does emerge from these arguments.

If educational attainment is being utilized as a screen, then its

effects should be most pronounced at early stages in the life-cycle

and should diminish over time (experience) as firms glean information

about actual productivitles from on-t1u perfor;Tnnce. The same

conclusion should apply to measures of what an individual learns in

school if the knowledie itself has no influence on productivity and

firms utilize these measures as screening deviceS'. This is the tactic

followed by Wise (24). Wise's null hypothesis, however, is "the absence

of a significant relationship between academic achievement and job
14

performance." It is not surprising that this hypothesis can be rejected.

13

Arrow mistakenly believes that it is the imperfections in the ability
measures which detract from the useful:les of these studies when applied
to the screening hypotheses.

14

D. Wise, Arndomi Aebiovent and Job Performance, Ford Foundation
Program for 1A!soarch in University Acluevement, Paper. P-37, 1973, p. 3.
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Rise's data cons.;:;tt; of biographical and salary .01fomation on

approximately 1300 college graduates employed by a single large manu-

facturing company in 1968. All individuals had at least 3 years of

experience In the firm and were no older than 30 at the time they were

initially hired by the firm. The population was further restricted

(by Wise) to persons with less than 23 years of experience. The re-

sulting sample consisted of 967 individuals.

The earnings equation that was estimated is shown below:

(15) s = ca ert e e , lns = a + rt + t

where s stands for the individuals current salary, ea is initial salary

(=0), r is the constant rate of increase in monthly salary between any

two years, t is the nulaber of years experience in the firm and c is

a disturbance term. Ruth a and r are assumed to be functions of per-

sonal characteristics as given below:

where

a re ao + al bj + dx0

3
r a r +

j Yk 14I1 61.xt

E ai, Ebj, Zap Efij, EYk r. 0

and

Constant

effect of having a BA degree at initial hiring

effect of not having a ILA degree at initial hiring

effect of an engineering or science major

effect of a liberal arts (or other) major

effect of business major

-.69-
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x() years, of vxpursunce prior to initial hiring

ro A average rate of salary increase

al, ap ..., Q6 effect of college quality

(Astin index)

Pi P2.., 14 = effect of grade point average

(3.5-4.0, 3-3.49, 2.5-2.99 less than 2.5)

Yil = effect of rank in MA program

(top 5%, top 1/3, lower 2/3, no NA)

)12' .., x5 = measures of job satisfaction and

socioeconomic background.

(See Wise for a fuller discussion of these variables).

The preliminary analysis does not allow interactions between any

of the variables. Since Wise reports interaction terms to be insigni-

ficcnt, atteuL;0n will be restricted to the simplor specification.

Results are duplicated below in Table 1 with thc x L=1.., 5 variables

omitted.
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EARNINGS REGRESSION

Estimated Standard F - Statistic

Variable Coefficient Error (null hypotheces:equal effects)

Constant 6.70356

al .02591 (.01029

a
2

-.02591 (01029)

bi .03879 (.00764)

b
2

.01340 (.00956)

b
3

-.02539

x
o

.01647 (.00315)

r
o

.04501 (.00171)

41 .01085 (.00303)

a2 .00n4 (.00119)

0:X3 .00122 (.00147)

44
.00183 (.00091)

-.00431 (.00116)

'16
.00827

01
.00777 (.00131)

02
.00055 (.00087)

03 -.00245 (.r0073)

64
-.00587

Yi .01241 (.00311)

Y2
-.00017 (.00182)

Yj -.00504 (00193)

Y4 -.00720

Source: Wise(Table 2 ).
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The rate ot salary increase clearly rises with college quality and

grade point avern:-,c. Wise (following Astin by whom the index is devised)

assumes that the quality of the college attended reflects the average

ability of the entering class whiTh grade point average, I pret,ume, re-

flects one's mastery of subject matter. Wise argues that if schooling

does nothing to enhance productive attributes, then there should be no

persistent effect of grade point average on caruirga. Moreover, since

he fin,' the effect of cm to be important at all ability levels (no

interaction) and hi: Aiggests that the greater the quality of college

attended the more homogeneous are the individuals vith respect: to

ability, he' rejects the conclusion that: performance in school is merely

used to identify the more able. He also rejects the hypothesis that

grade point average is merely a proxy for affective traits which

influence productivity on the basis that high scLool performance, which

should be an equally good proxy for ther:c attributes, is insignificant

and doz.s not reduce the affect of collage performance (CPA) when also

used in the regression analysis.

however, Wise ignores on-the-job training as a component of

earnings. If CPA is positively correlated with the amounts (measured

in time equivalents) an ind.i.viduel invests on the job, profiles of lns

(and s) will diverge (see Mincer (13)). That this is occurring here to

some degree is evidenced by the finding ':hat neither CPA nor CQ have

any effect on starting salaries. Wise contends that this is due to the

belief by firms that they would create morale problems by differen-

tiating beiwcen individuals in this way. It is difficult, however, to

sustain this viev assuming competitive markets. Of course CPA may

reflect, in part, the rate of return to post-schooling investments
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which, if causally related to CPA, should be included in the return to

schooling.

The prolem is circumvented to some extent by segmenting the popu

lation by undergraduate major and by job function. One would expect

the variation in postschool investment behavior to be smaller within

these classifications than across the whole population. But Wise does

not report the effects of CPA or CQ on initial salary for the diffevent

groups. In any event, CPA is found to have a positive and significant

impact on the rate of salary increase for eni;ineers and business majors

but not fol: liberal arts majors although, for the latter, the samnle

size was couparatively co,a11. The same conclusion follows when one

loohs at regressions by function those in which liberal arts majors

arc most prevalent yield smaller. CPA effects. Whatever liberal arts

majors Jo learn seen: to be less relevant to the job they per;orm.

A further result concerns the effect of a Master's degree on salary.

As is seen from the table, merely obtaining a Masters has zo appreciable

effect on earnings unless the individual graduates in the top 1/3 of

the class. This holds true for both engineers and business majors; It

would have been interesting to see the effect of having a Masters degree

on'initial salary especially for those in the botton 2/3 of their class,

but Wise notes that most graduate training was obtained while working.

Wine argues, although not explicitly, that Masters programs arc, at

least, potentially prOuetivity augmenting, the effect depending upon

an individual's performance. But, from a social perspective, the

question concerns not the potential but rather the actual productivity

gain. Moreover, the larger rate of salary increase could, in part, be

due to a jump in salary at the time the degree was granted which might
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be construed as an identification eff-ect captured by all individuals

obtaining the degree.

As long as one if, to accept Wise's interpretation of the

effects captured by CQ and CPA, it appears that colleges do impart

productive skills although an individual's college major and the function

performed within the firm are also important. To the extent that GPA

itself has an ability component, along with measuring accrued knowledge ,

the results are weakened. Also? to the degree that earnings profiles

differ due tu onthejob training investments, the results may be con

founded. Furthermore, accepting the weak hypothesis that colleges have

a statistically significant affect on productivity doea not exclude the

possibility that a statistically sigeificant component of the return

is due to screening.

Taubman and Vales, on the other hand, atte..apt to test for the

vastence of a screening effect. According to the authors, screening

is said to occur when individuals, due to their lack of educational

attainment are resticted from entering occupations in which their

marginal products are g)eat.est. In other words, if indiduLls were

free to nhooae the occupationr they entered at a wage commcnsurate with

their true rarginal products and not based upon the average produc

tivity of the individuals with the same schooling level, a greater

preportion of less educated ..:euld be found in higher paying occupations.

What T G U do is to estimate earnings as a function of edneation,

measured ability, father's education, age, and other characteristics

within broad occupational aategorics from the IIBER Thorndis.e sample

of any airforce pilot and navigator candidates in 1943 (see Chapter IV

for a fuller discussion of this data set).
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From the occupational regressions, poteutjal earnings of indivi-

duals in occuoations other than thcAr own are estimated. lie residual

variances arc uso0 as estimates of the dispersion around an individual's

potential income and the disturbances are assumed to be uncorrelated

across occupations. To illustrate the application of this approach in

a two occupation world, let Y1 and 17.2 be the mean incomes obtained for

a given schooljng class from the regressions equations

Yi
i xi ± Ui i=1, 2 where a

i
is a vector of co-

efficient and X
1

the vector of independent variables including those

cited above. Let a
1
2

'
a
2 2 be the variance of the disturbance terms

assumed to be norL,..ily distributed with zero means. If Y
1

= Y
2'

then

half of the population can be expected to be found in each occupation.

If Y
1

< Y2, then the proportion expected in occupation one will de-

cline for any given varixs:es; the greater is Y
2
-Y

1
the smaller this

expecte:d proportion.

The resulting expected and actual occupational distributions by

The regressiins upon which theseeducation are duplicated in Table 2 .

results are based are as previously described, except that occupations

were grouped with individual occupational dummies inserted. The group-

ings were (1) proressional, sales and technical; (2) blue collar, white

collar, and service; (3) managerial. No interactions were used so that

earnings merely shifts up or down for occupations within each broad

classification.
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T & W conclude from Table II that: "In general then, under the

assumptions of free entry and income maximization, Very few people at

any education level in our sample would choose the blue collar, white
15

collar, or service occupations." The fact that high school graduates

predominate in the occupations is taken as evidence of educational cre-

dential requirements. They find more problematic the fact that in the

higher paying occupations (Prof., Tech., tiles) the expected fractions

always exceed the actual and resort to rather ad hoc explanations. After

all, undera screening proposition, why would college graduates be re-

stricted from entering those occupations which maximize income if they

arc indeed the preferred group? Although T & W realize that the most

important qualification to this approach concerns the assumption that

there are no unmeasured occupation-specific skills which are correlated

with education, they fail to realize that this in itself makes it: im-

possible to distinguish between the two hypotheses. That occupation-

specific skills are important appears obvious from Table 2. The ex-

pected fractions within the three occupational groupings are almost

identical for the three schooling classes. Their results imply that the

same proportion of high school graduates would be found in the prof.

tech., and sales class as college graduates, and the same prcportion of

college graduates would be found in the blue collar, white collar, ser-

vice occupation as high selJol graduates. It seems clear that high school

15

P.. Taubman and T. Wales. "Education as an Investment and Screening
Device". nineographcd. New York: National Bureau of Economic Research,
1972, p. 9-19.
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graduatu who are in the first occupational category are not identical

to those in the second (even afzer controlling for other characteristics),

and, thus, to extrapolate the earhlugs potential of the latter from

actual earnings of the former must lead to rpurious results. The result

in the first occupation set for college graduates is further evidence

that these legressions are ignoring some specific characteristics which

arc more important in some occupations than others. All that T & W have

demonstrated is that there exists a high correlation between education

and occupation but have not demonstrated, as they lntcnded to do, that

this relationship Is based nignificantly on entry barriers. The fact

that their results are connistent with a screening interpretation does

not ail in distinguishing between the two views. Moreover, even if the

actual distributions arc those which would obtain under strict income

mnximizatton, the qmstion would still remain as to whether schooling

produced those occupations' skills or merely signalled their endowment.

The test conducted by T W sheds no light on this issue.



CHAPTER IV
AVSUBLE

EMPIRICAL TESTS 01 ME SCREENINC aPOTHESIS

The proposition advanced in the preceding chapters is that the

pri e rate of return to schooling may be interpreted as derived from

the purchase of a label which serves to identify or signal productivity

endowments rather than, as in the usual view, to directly enhance pro-

ductivities. The empirical problem is to disentangle these two effects

and ultimately to measure their relative importance. The attempts re-

viewed in Chapter III were much more modest in scope as they aimed

solely at demonstrating the existence of one or the other effect. Even

these resuls were not free of ambiguities. The more ambitious under-

taking, although more desireable for social policy, must await the

resolution of these simpler issues. Possibly, the questiot, is unanswer-

able when posed In n goneral form given the wide variety of occupations

and job task: associatiA with any level of educational attainment.

This chapter will attempt to serve two functions. First, several

tests for the existence of a screening return will be furnished. Second,

by exhausting some of the more obvious procedures, future research, it

is hoped, can proceed in somerliat different directions. The major dif-

ficulty with many of these empirical formulations is that they are based

upon life-cycle earnings relationships whereas the theoretical foun-

dation is couched primarily in static terms. Implications from this

static framework can only naively be extended past the initial phase

of work experience.

One further issue should be raised before proceeding. Although

seemingly semantic, it has nevertheless led to confusion. Screening

has been used to describe a situation in which educational institutions
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IIMILABLEfail to iApart job relevant skills. Yet, the term has also been used

in an informational context in the sense that if there exist real pro-

ductivity differences across schooling classes which can be discerned

by firmn, educational attainment will be utilized as a basis for

employw.ent. Uovever, the latter may or may not be related to the

formez; whether schools produce useful labor market skills or whether

they merely segment the population into groups which differ in their

skill endocments (or both), group differences will emerge and useful

inforixttion imparted. Any demonstration of schooling's informational
1

role is only peripheral to the former issue.

1

A single test fur schooling's informational function can be constructed.
To the extent that schooling is the predominant screen, i.e., other de-
vices do not, in conjunction with schooling, perfectly predict producti-
vities, the correlation betweer schooling and earnings should be greatestat initial or early levels of e-perience. Thereafter, as firms learn
about actual productivities and the variance in earnings within school-
ing classes rise, the correlation should continually decline. However,
this result may be confounded by post-schooling investment behavior.
In react, Mincer finds a rising correlation until the "overtaking"
experience level (approximately the first decade) followed by a rapid
decline (see Mincer (13), page 57). When I performed the same calcu-
lations for the Thorndihe nample discussed in the text, a pattern of
rising correlations throughout the life-cycle was found. Although In
variance., in earnings increase with experience, the marginal return to
schooling increases at a faster rate, causing this result. But, the
manner in which the sample is constructed leads to quite different
schooling distributions within experience classes, confusing the issue.
Whether this result is peculiar to this sample or general to longitu-
dinal as opposed to cross-sectional data sets is clealiy an issue for
future research.
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Before proceeding with specific tests of the screening hypotheses,

comp' observations about the general e:Tlanatory power of this framework

should be raised. Without detailing the substantial literature on the

role of education in economic grouth, it is clear that these studies

raise rather serious doubts about the importance of the screening view.

If one is to accept the notion of only a limited productivity effect

of schooling, a reconciliation with these studies is imperative. In a

recent survey of the human resources area, T. W. Schults states that

it is now established that the omission of the improvements in

the labor force associated with education accounted for a large under

estimation of the increaL:es in the effective labor force, as Denison as
2

well as. Jorgenson and Criliches have shown". Although one might quarrel

with the force of this statement, it is, I believe, difficult to deny

its thrust. The implicatIon is not compatable with a world in which

schooling serves mainly an informational function. In the extreme view,

with a relatively stable "ability" distribution of successive cohorts

2

T. W. Schultz, Ihnoln Rer.ources, NBER, New York, 1972. D:istributcd by

Columbia University New Y'irk and London. The two references are:

td card F. Denison, "The Sources of Economic Growth in the United States

and the Alternatives Before Us", New York Comittee for Erc .omic Develop

ment, 1962.
D. W. Jorgnqon and Zvi Criliches, "The Explanation of Productivity

Change," Revi,w of rconnmic Studies, 34, July 1967.
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of labor force entrants, there would, in fact, be little or no corre --

3
lation between productivity growth and educational attaimLat. More-

over, there is nothing inherent in screening models which would predict

schooling levels to rise as they have. In the context of Spence's

model, one wonders about the nature of the forces which would conti

ally disturb thcl equilibriur signalling pattern and concomitant

educational distribution so as to displace schooling levels upward

over time. Any serious consideration of schooling's identification

role as a major source of its private return would have to address

these issues. Although the theme will be repeated throughout this

chapter, it is iiportant to note that the screening argument as a

general proposition appears to add little to the productivity augmenting

view of the schooling-incoL.! relationship.

The screealne, model presented in Caper II dewonstrated that those

with more schooling will initially command a higher wage than those with

less schooling if their moan skill level 40 is larger, their variance-

mean skill ratio (a2//) is smaller and/or if firms are relatively more

certain as to the average level of their productivity (x242) being the

relevant parameter). Consolidating the latter two, several tests are

3

It is possirA :hat along with increasing educational levels there has
been an at In schooling's sorting function which, given the
dismision (1.pter 111, hils w.gmented aggregate output. There is,
however, no ,..rival evidence available which supports this contention.
In fact, a test was performed for this purpose. If schooling, is be-
coming, over title, a more perfect sorting device, one would expect tp
find larger within-schooling group variances in earnings within the
same experlence cjass for older cohorts. Bouever, =Ike rough calcu-
lations I have performed of 3n variances from the 1960 and 1970 census
do not elicit any discernable pattern.
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considered for the components, the mean effect and the variance effect.

Since most of the tests are performed with the NBhR- Thorndike population,
4

a gene.,7a1 description of this data set follows.

The sample consists of approximately 5,000 air force pilot, navi-

gator and bombadier candidates in 1943. In 1955 Thorndihe and Hagen

sampled 17,000 of there men and collected information on earnings,

schooling, job experience and other socioeconomic variables including

numerical scores on seventeen tests administered in 1943 which purport

to measure various types of abilities rangl.ig from manual dexterity to

abstract problem solving capabilities. The NDER resampled a subs.lt of

these in 1969 and again in 1971 updating data on job histories and

socioeconomix characteristics. Specifically, the data includes infor-

mation on jobs held in five separate time intervals: 1945-1952, 1953-
5

1957, 1958-19')2, 19631966, and 1967-1970. Data on jobs held in years

other than Otose corresponding to the interview years are retrospective.

The sample is composed primarily of individuals of high ability

and excellent health. All individuals are at lenct high school grad-

uates and a majority have an undergraduate degree or some graduate

training. Ages, as of 1969, range from 42 to 55. Therefore, for mLny,

employment and chooling were interrupted by the war.

4

I am indebted to Lee Lillard for his aid in using this data set.

5

Initial job, which may have occurred prior tic W. W. II is also

reported.
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To obtain accurate cairuateu of, work. expLAyletwc, t.110. population

was restricted to those indiidu;Ja whose initial job occurred after

military service ond in particular within the 1945-1952 interval.

Experience .;s simply calculated as the difference between a reported

job year lying within any of the five periods and the initial job year;

it is, thus, definitionally zero for the initial job. Further ex-

clusions were those individuals with extended military service (ally who

remained in the military after 1945), civilian pilots the disabled and

the unemployed. -The constructed sample consists of 7893 separate

experience-earnings points for those engaged (as of their last reported

job) as private wage and salary workers and 1906 observations for the
6

self-employ..d. The reason for this dichotomy will become apparent.

6

There were several po.7sible ways to assign observations to one or the
other class. Each reported job 11:respective of the individual could
have been assi7ied to the reported class. JUL, experience is deUned
cumulatively over each individual's work history and may nt have the
same impact on earnings for each of the two employment states. A second
possibility would have been to choose individuals who maintained the
same sLatuf; throughout. As an approaimation to this latter method,
individuals were assigned to a given class on the basis of their last
reported job. Of the 1906 observations for which the last job was in
!.-lf-employent, 36% would also have been assigned to self-employment
if, instead, the first and last job had been matched. The comparable
figure for privote wage employment was 92Z of th! 7893 observations.
Regressions were run for those individuals whose class was the same en
both the first and last job. Since many individual[: di r! not report in-
termediate jobs, the :ample sizes would have been severely restrictel
if further constraints were ul 'lized. Result!; are qualitatively the same.
See Table C. 9 as contrasted with Table 1.
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Probably the mere liaportaut quuntion concerns the relationship

between average productivity differences and schooling, the. mean effect.

Recall that the private return to schooling is solely a function of the

additional skills a.seociated with the more schooled group (ignoring

variance returns) and will be the same, according to the models pre-

sented in the previous chapters, regardless of the mix between skill

endowment ant human capital acquired through schooling.

Using the NBER-Thorndike sample, earnings profiles were estimated for

both private wage workers and for the self-cLployed. Table 1 reports

the results for several regression specifications (see page 93 for a

discussion of these formulations). The dependent variable in this and

all other ti:bles is the natural logarithm of earnings (in 1958 dollars)

S is schooling level, P is experience, and A is an IQ-type ability
7

measure. Since the relevant hypotheses concern coefficient equality

as between tho self-employed and private wage populations, the regres-

sions in Table 1 (and all following tables except where noted) are

from the pooled sample. Each coefficient represents the partial effect

of a given variable for one or the other sample. Given the variance-

7

The ability measure in a composite of the seventeen tests. It was
constructed by Al Beaton of the Educational Testing Service.
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covariance matrix of coefficients, t-tests may be performed to test for
8

equality of single coefficients as between the two samples.

Descriptive statistics are given in Tables C.1 and C.2 in Appendix C.

Consider the effect of :Idditional schooling, for the two worker

classes given in Table 1, equation 1. It is seen that the :,larginal

return to schooling is larger for, the self-employed at all e%perience

Points. The salJe mult is apparent then schooling effects are averaged

over all life cycle points (see equation 2 or 3). A joint test was

perforiJed oa S and M' to determine whether the difference was statis-

tically significant between the two groups. The two coefficients were

constrained to be equal across the sarples while all p-hers were

allowed to vary. The F-- value obtained was 9.6 which is greater than

the appropriate 1'- statistic (F , )

2 9785

different-IL:11y 1:1rer Impact on carnins

Schooling, therefore, has a

exol:yed.

Concidering the screening models, there is no incentive ler the more

productive of the self7xL:ployed to use schooling as an identification

8

Letting Y1 = X1 pi + and Y2 = X2 P2 + u2 refer to the separate

regressions for the two worker classe, the pooled regression is of
the foria

=
12

-p,

0 X2 132 .1
°II zxpi u

u2

where Yl'In n x 1, Y2 is in x 1, X1 is n x k, Y2 is m x k and pi and

.p2 are k x 1.

See. Fisher (6) For a discussion of hypotheses testing when some co-
efficient:: are constrainyd to equality.
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device.. If formal schooling has only a small productivity enhancing

effect, it should be most apparent with respect to this group. Regard-

less of other considerations, the self-employed can earn at most only

the market's valuation of their marginal product. Thujeele schooling

effect for the self-employed is comparable to that of the private class

of workers is a clear indication of schooling's value. The endowment

argument inherent in the screening view appears to. add liLtle to the

productivity augmenting view of schooling's return.

It coult1 be argued that the more productive among the self-

employed are the ones who obtain more schooling and, thus, would earn

more regardless of their educational attainment. However, an 'attempt

was made to control for ability differences and, in any event, it is

not clear why the more richly endowed would be more prone to engage in

further schooling (after military bervice) untens they perceived some

reward (which must be due to skill augmentation rather than identi-

fication) .

One obvious modification is to delete the professional class since

it is, in many instances, subject to public screening through occupa-

tional licensure. Restricting attention to the managerial class, which

is basically the only other occupational category in which the self-

9
employed are found, does alter the schooling effect. However, inter-

preting the schooling coefficient within an occupation as a marginal

9

The self-employed predominate in the managerial and professional
occupailonn df:count:ng for 83Z of the obscrvatlemo. The comparable
figure for the private wage class is 60%.
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return tc schooling in the usual sense is inappropriate given that the

schooling and occupational choice decisions are probably not mutually

exclusive. For the purpose at hand, a comparison between worker classes

can, however, still be made realimlng that it holds only for those who

have chosen to enter the occupation and not for the entire population.

Regressions are reported in Tabla C.4. The overall schooling coefficient

(equation 2 or 3) is, in magnitude smaller for the self-employed; also,

the schooling effect in equation (1) is less at all experience points

within the sample range. However, these differences are not
10

usignificca".

Similar reasoning applies to the. effect of college quality on

earnings as between the two groups. If the quality of college attended

is used as a screLn and Merely serves a classificatory function, its

effect shettld be lets pronounced on the earrings of the celf-employed.

To facilitate the comparison, the cubsample of college graduates (those

having exactly 16 years of schooling) was chosen. Other sample

'restrictions are maintained. The regression equations are presented

10
A joint test on S and SP reveals that the schooling effect does not

significantly differ between the two groups. The F value was 1.5. Also
a t-teut wit; performed on S alone for equntior. (3) in Table C.8. The

t-value was 1.55.
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in Table 2 below where Q represents ihe college quality variable

11

and other symbols are as previously defined.

Comparing the overall quality effect (averaging over experience

points), it is observed that. the self-employed do bcnefit more than

private wage workers (see equation (2) in Table 2). Differences are
12

in fact, "significant". Similar results are obtained for the mana-

gerial class (see Table C.7). Descriptive statistics for the two

worker classes for all occupations and for managers alone arc given in

Tables C.6 and C.7.

The obvious irplication to be drawn from these tests is that Taman

capital augmentatioa is responsible for the schooling effect observed

in this sawle. If the major portion of earnings differences between

schooling classes could be accounted for by sorting, the self-employed

woold not earn af: large a return frm nerliti.111L1 nchoolin3 not uould

the greater knowledge gained from higher quality schooling have as large

or as sustained an effect.

A comparison of average income of rural farm workers and urban

workers at alternative schooling levels found in Welch (20) also suppor -s

the human capital view. The argument is basically the same as that with

respect to the self-employed - private wage comparison made above since

the rural farm class is predominantly comported of self-employed individuals.

11
The quality variable in a Guttman rating. Two such ratings were given,

an academic and an overall one. The latter was us,x1 in the reported re-

gressions. Results with the former arc' altiost identical. The simple
correlation between the two was .98 for both worker classes. In the

tables and i.egre!;!Aerui the ort3inal rifting tmu divided by 100.

12

The t-value was 2.4.
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Au Table 3 shows the percentage increase in earnings with increased

schooling for the 45-54 yesr old age class repoKted by Welch rises

Taws rapidly for rural L.ruers, The absence of a screening motive

would preclude such a result if schooling did not augment prnductivities.

MLLE 3a

Iwome lit 1959 for Urban and Rural Farm Males, 45-54

Years Old, by Years of Schooling

Comp rison for the 48 States 1-4 yrs. 12 yrs. 16 + yrs.

Urban Avera3e 4,370 6,900 10,130

Rural Fai_.m Average 2.780 4,900 7.600

Difference 1,590 2,000 2,530

Ratio 0.64 0.71 0.75

a
Computed from data provided in the U.S. Census of Population,
Source: Welch (20), Table 2.

..111111111

One possible test for the variance component of the screening

return can be made by, collvring earnings profiles of different schooling

groups. The argument can be made explicit with the assumption that post

schooling investmeats are zero. If either or both of the variance
2

4
components (P or :27) are operative, the private return to school
ing

.m

may be larger than that which in ...3tranted by actual productivity

difrcrenccts. Uoycv(T, as firvn learn Afmt actual levels, wage

rates will adjust to reflect performance. Wages should, thus, regreus

92



to thelr cerc.ainty levels. Notice that there is no necessity for the

Variance parameters to work in the same direction or even for their

effects to favor the more educated. Nevertheless, the null hypotheses

of an upward bias in schoolings private return due to variance effects

will be maintained.

Recall that ambiguous theoretical results were obtained with

respect to the effect of uncertainty on labor demand. Initial wage

rates might be above or below that which would prevail under certainty.

With perfect information (a2 02 . 0) and in the absence of human

capital nem:Um:ion after the schooling period, mean wage profiles

for the two schooling classes, as depicted in figure 1, would be

horizontal. Those with greater schooling would earn AC more at all

stages of vork eTerience. However, with variance effects favoring

the roru and asf,ualog a negi.ive impact of uncertainty on

factor demand the wage profiles would be given by A'B and C'D where

"full" learning occurs T years after Initial work experience. As shown,
13

this leads to convergent wage profiles over some range.

13

ThrLa conclusions are not independent of the learning process. All
tl.it is being said in that the more educated will earn more relative to
the less educated than is warranted by true productivity differeaces
and that over time relative wage raten will begin to reflect this
initial bias. If there are different rates of learnings about the two
groups, there may he a period during which vatning:; diverge but con
vergence must, neverthelesc, occur over some range.
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Figure 1. Wage - Experience Profilus with imperfect Inform:it:ton

by Schooling Class

Rkte.

(-II (mo educated)
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Complications arise when there are opportunities for on-toe-job

training. If pDst-schooling investment behavior is rystematically re-

lated to educational attainment, any degree of convervnce or divergence

can be elicited. If the more educated either invest more heavily at

each level of e4erience, or if they earn a larger return per dollar
14

invested, profiles will tend to diverge. If this is the case, then

14
Tim incorporation of learning into a human capital production model

is clearly relevant to the shape of earnings profiles, but the issue
Is very cople::. It is Ow! possibility For ext(10Ing screening models
to a life-cycle context which might elici4 more concrete testable
implications.
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the variance effects, it they exist, will be discernable only if they
15

outweigh the training effects. The available evidence suggests the

exact opposite; the variance return is overwhelmed by systematic invest-

ment patterns. For examvle, in Mincer (13).and Lillard (12), it was
16

found that dollar earnings profiles diverge with increasing experience.

The regression equation used to test for the existence of the

postulated variance, component is specified below. The form was chosen

for the specific screening hypothesis rather than as a direct conse-

quence of a formal theoretical construct. It is not 'articularly

different from the usual types of earnings functions that have been

used in other studies. All variables are as previously defined.

(1) in Y ao .+ S + n2 P + u3P2 + a4SP + al A + a6 A P +

Mincer finds convergent in Y profiles usii tb.: cross-sectional

1960 1-1,000 Census uhich.he attributes to the more educated investing

less "time" in job training relative to the less educated. Welch (23),

however, perceives a vintage *effect as the cause since those with more

experience obtained their schooling in earlier years. The latter is,

however, not possible in this sample, giventhe manner in which the

sample is constructed. Experience levels do not correspond to specific

age c,':orts.

15

pox a complete discussion of the relationship between human capital
accumulation and the life-cycle earnings distribution see Mincer (13).

16
Mincer uses the 1960 1-1,000 Census. Lillard uses the NBER-

Thorndike sample described more thoroughly in the text.
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Since convergence Uplieu declining earnings differentials between

schoolln classes with experience, a negative value for the least squares

estimate of a
4 would be consistent with the screening view. rote that

it would also be consistent with Mincer's human capital model. The

ability terms arc included to allow for the possibility that individuals

of greater innate talent or Initial "skill" invest more resources on

the job or earn a larger investment return.

Regression results for private wage and salary workers are reported

in Tab]e 4. Descriptive statistics are given in Appendix C, Table C.1.

Several different sample specifications were tried; the basic results

are generally unaltered. For example, there are probably non-pecuniary

returns or. labor supply considerations which explain the fact that

teachers by far have the highest .average level of education yet rank

only fifth (out bf 8) with respect to earnings. Also, medical doctors,

lawyers and , hr:r professionals are generally restricted in their

schooling decisions and would not be subject to a variance return. The

major effect of excluding these groups is to enh:Ince the effect of

schooling on earnings as shown in Table 4. Since labor supply variables

were given only for the last job and extrapolations back to previous

jobs would be highly subjective, no yttempt was made to incorporate

them into the analysis.

Concentrating on equations (3) and (5), it is seen that the per

centage increase in earnings due to an additional year of experience

is larger the greater is schooling; In Y schooling class profiles fan

out with experience. For example, from equatim (6) at 5 years of

experience an extra year of schoolin;; in nsnociated widi a 1.5%
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increase in carnin8u while the. comparable cif Teets at 10, 15 and 20 years

of experience are 4.2%, 6.9% and 9.6%.respeetively. The training com-

ponent, ir that is the proper explanation, is, in fact, quite stain&

as earnings are estimated to be lower for tIke more educated for several

years after initial employmert. Notice that ability differencns also

have larger impacts at later experience.

Since the self-employed are not subject to an educationally bared

market screening process, there should be no relative certainty return

to those who are more educated. Earnings profiles should, therefore,

diverge to a greater extent for this group if the null hypothesis that

systmatic variation in post-schooling investment behavior with edu-

cational attainment is identical for both worker classes is maintained.

There is no a priori judgment inherent within the human capital frame-

work as to this ecuparivea.

Looking at equation (1) in Table 1, the schooling-experience

interaction term is seen to be larger for the self-employed as was

suggested by the screening model.. A one-tail t-test leads to a

rejection of the null hypotheses of coefficient equality betveen the
17

two samples. However, that this may &imply be a training effect can-

not be ruled out. Qualitatively similar results are obtained for the

managerial class (see Table C.4, equation 1).

17

The t-value was 1.8.
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Consider also the ability-expe0Qnce interaction. The ability

effect increase;; with experience for private wje workers but is
la

insiznificant in the self-employed regression equation. The impli-

cation of the screening model is that ability differences (if the ability

neasure reflects productivity endovmeuts) will be discerned by

employers and earnings will, thus, over time, more nearly reflect these

differences. For the self-employed, no such effect should be observe-

able. however, it may de tbut the skills measuLed by the ability

variable are less relevant for the self-employed. Indeed, a larger

ability effect would be expected /cr.- this group at initial experience

Cr m 0) than for those privately emplcyed since, if the latter are

suklec: to screening, individuals of diverse abilities, even within the

same schooling class, would initially be more equally compensated.

This is apparently not the case; the ability measure appears not to

capture job-relevant skills for the self-employed.

Basically, the same arguments cnn be made with respect to the

impact of schooling quality on life-cycle earnings. If college quality,

Xor example is used by fins as an informational device and there is

a variance conenent to this return, profiles of different quality

greups should converge with experience. On the other hand, if no

18
For the self-r. ployed r - 0.992 while for private wage workers

F m 35.935. TiQ;;e are derived from vithin-group regressions which
naturally have identical coefficients as those given in the text but
have diZ17erent variance-covariance matrices of the coefficients.
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information is attached to knowing the college an individual attended,

profiles should be Identical. Note that it this knowledge is value-

less CO the firm, it is presuried that no skill differences exist.

Assuming quality to be a valid screen, one should find no convergence

in a comparison of private wage workers with the self-employed or, if

training investments arc for some reason positively correlated with

college quality (ability constant), greater divergence. To facilitate

the comparison, the subsanple of college graduates (those with clractly

16 years of schooling) v,s chosen. Other sample restrictions are main-

tainee. The regression equotion is specified identically to that of

eqtettion (1) a:;cept that a college oality measure, Q, replace the

schooling vatiable S and qr replaces SP. Results are presented .n

Table 2 combining all occupational categories. Managerial regressions

are rep ortcd in Appc:eli% C. Table C.S.

Consistent with the screening proposition, earnings profiles

diverge to a greater elztent as between college quality levels for the

self-empleyed. however, the t-value associated with the test for co-

efficient equality is 0.50G- which implies no "significant" difference

in the rate of divergence. This result is unaltered when only the

managerial occupation is considered. Renee, there is no confirmation

of a variance return to college quality.

The preceding formulations have attempted to discern the existence

of a variance or relative certainty return to schooling which does not

reflect productivity differences causally related to educational attain-

ment. Admittedly, the tests are crude, yet the results generally do not

confirm any substantial bias in schooling': return due to this factor.

Clearly, furtner quantification of systematic post-school behavior as

-100-



related to schooling, ability and college quality is essential.

Thu strategy has been to explore the implications of the two com-

peting %%tel.'s of the sehooling-ineeme relationship and develop procedures

which might indicate at least the direction, if net the magnitude, of

schooling's predominant role. As noted, taken singly, the tests are

not powerful; yet, cumulatively, the ressage is clear. A significant

screening component is simply not revealed.

Because of the difficulties in designing and implementing pro-

cedures to isolate the two effects, it would be a useful exercise to

outline an empirical specification which, ignoring data requirements,

has strongly divergent- implications under the two regiires. Such a

model is outlined betow.

of an appropriate test.

Concie,ur a world composed r:fn.gesgrephic units (rerJors,countrins)

between which labor is completely immobile. Regions are assumed to be

composed of individuals whose aggregate "ability" or, endowed producti-

vity distributions are identical. Suppose, moreover, that schooling

serves only a screening function, and, because of taste difrerences or

Spence's multiple equMbri., for example, schooling distributions (in

particular, average schooling levels) diverge between regions. Also,

for simplicity, assume that schooling's screening efficiency is the

same in all regions in the sense that an additional year of schooling

moves an individual up the ability distribution (in an identification

sense) by exactly the same amount in all regions. For example, the

average ability of those wi.tk 10 years of schooling in one region might

correspond to the average ability of those with 12 years of schooling

in another region and likewise for the schooling pairs (11, 13), (9, 11)

etc.

It is not intended as a complete specification

-101-
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Under these astwmptions, the. K4tes of return to schooling obtained

frc, :ample within region schooling-carnings regressions would be

identical for all regions. Consider, however, pooling the n samples

and performing Lhe following regression:

(2) In Y4I
.1-j

M p
0 J.
+ pisii p

2
s
j

p_xij + u , whereJ

Yij* are,S. and X. are respectively, the earnings, -chooling level and

other relevant characteristics of the ith individual residing in the

jth region;Tis the average schooling attainment of those individuals

in the 1th region; and u is a disturbance term.

Clearly, an increase in an individual's schooling level (S
ij

) will,

holding the man schooling level (S1 ) constant; increase earnings due

to his improvement in position relative to other individuals. In fact
A

41 would be identical to the within-region schooling regression co-

efficients. However, an increase in Sj, holding the ith individual's

own schooling level constant, would worsen his relative position, i.e.,

identify him with lower ability types and, thus, reduce his earnings.
A

In a screening world, 02 would, therefore, be negative.

If these were the only implications, this framework would not be

very useful. For, under a productivity augmenting view,.the same pre-

dictions are possible although p2 could reasonably be positive if demand

conditions were the cause of the different schoollng investment patterns.

There is, however, a much stronger prediction. If all individuals'

schooling levels were augmented (or reduced) Ly an equal amoun , say

one year, any individual's earnings would be unchanged. Each individual

remain ,in exactly the same position relative to others on before.
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Thus, thu, sum of the Lwo ceeffIcleutt; (Pi 132) should be zero. The

More poEl Lhoir thu jAvortmwe could one .'!:crilie to the

screening Lypothoses.



CHAPTER V

SUMIARY AND CMCLUSTONS
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The dissertation was basically divided into two parts. The first

portion. (Chapter II) described a model of a compctitive firm's employ-

ment decists when some inputs are oi uncertain quality. In particular,

individual productivities were assumed to be unknown to the firm prior

to hiring and neither instantaneously nor costlessly deterninable from

direct observation of on-the-job performance. Instead, the information

available to the firm was restricted to knowledge (a subjective compo-

nent vas also treated) of the first two moments of the population's

skill distribution. Output was assumed to be a function of occupation-

specific aggregate skill levels and capital. Within an expected profit

maximization framework, uncertainty or risk in the form of skill

variance vas shown to lead to a reduction in exr!cted profits at the

previous input scales. However, its effect on labor demand was seen

to be ambiguous; when decomposed into substitution and output responses,

the former may imply a greater utilization of the risky labor input.

Although depending upon production function properties (in particular,

third partial derivatives), the intuition for this result was simply

that the firm substitutes toward those factors which most reduce the

negative impact of skill variance on expected output.

The rationale for the use of screening devices, e.g., schooling,

sex, age, etc., which may segment the population into classes differing

in their skill distribution parameters, ./as next considered. It was

demonstrated that the demand for individuals associated with a given

(schooling) group depended upon both the average skill level and the

variance: mean skill ratio of the group. Since

-105-
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expected profits, the latter eompOnent was interpreted as a relative risk

effect. With an imperfect device (one which toes not perfectly predict

productivitie0 production isoquants relating quantities of labor of

different classes were, under plausible assumptions, shown to be convex.

Given market wne adjustments as a result of screening, workers frOm

different Cschoolirg) classes may be employed within the same occupation.

Moreover, since any maydevice's sorting capability differ across

occupations, worker characteristics may also differ.

Applying the model specifically to education, it was seen that the

relationship between income and schooling need not be due to skill aug

mentation. Schooling's private return can be viewed as a reflection of

its informational content, i.e., its sorting function. Several models

(Chapter III) which explicitly consider the individual's schooling

decirion in n screen in world were ces,11r1,,rod. ii,lcver, there furnu

lations tended to ignore the social value of schooling's identification

role. This point was then explored in the context of the previous model.

In essence, eliminating bLLween group skill variance through the use of

screens was shown to lead to a more efficient allocation of workers both

within and between firms. Therefore, even if the higher average skill

levels aseolated with the more schooled were not produced in the

schooling procesu, schooling's social benefit would not be zero. There

are aggregate output gains from screening which may coexist with any

mixture of the two views.

The second portion of 'lie dissertation described some empirical

attempts to disentangle. the productivity and identification effects of

schooling. The results of two previous studios were reported

(Chaptc r III). The first attempted to discern the existence of the
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productivity effect while the second concentrated on the screening effect.

The evidence for the exietence of schooling's productivity enhancing

role was coon to be greatly more convincing although the nature of the

hypothesis did not rule out an important screening role as well.

Further empirical tests were perrormed and their results discussed

in Chapter IV. Tests for both the mean and variaace components of the

return to schooling were condn:Aed. Variance effects were, however,

not rea.iiiy distinguishable from on-the-job training effects. Neverthe-

less, it would be safe to conclude that no substantial upward bias in

schooling's return was discernable as a result of the postulated relative

risk prenium.

Probably the strou:est test for the existence of an identification

effect was based upon a coioparison between schooling's return to self-

employed and private vngp vorkers. Since the former are not sehject to

a screening process, i.e., there is no need for them to identify their

capah:lities through formal schooling, the absence of a productivity

effect should manifest itself in a lover return to schooling than for

the latter group. Using the MLR-Thorn:like sample (see Chapter IV) in a

longitudinal fashion, earnings regressions were estimated and profiles

of the twe worker classes compared. The schooling effect, either

averaged over all life-cycle points or at alternative levels of experi-

ence, was shown not to be "significantly" different for the two groups.

Thin result was maintained even after excluding the professional

occupations and, thus, considering only those in the managerial category.

Similar results were obtained for a comparison of the effect of higher

"quality" undergraduate training on cernings between the two elessea.

It was demonstrated that the earnings of the self-employed are equally
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augmented by greeter Ttaliey schooling, a reeult which. would have to be

due to skill augmentation rather than identification.

rurther independent evidence related to this controversy was also

discueeed. For example, Welch's (20) income- schooling comparinons of

rural farm workers (generally, they are self- employed) to urban workers

supported the previous finding that the income gains from schooling are

substantial even for groups not influenced by a screening motive.

Further doubts as to the importance of the screening view were raised

in a brief discussion of the growth accounting literature. It was also

noted that the screening models surveyed in Chapter III did not appear

capable o explaining?, the rapidly rising schooling levels observed

over time.

An important point noted in Chapter IV and also stressed by other

authors (Decker. (3 ), Chiswick (4 )) was that in order for seb-solinr, to

serve uainly a screening function, one would have to discount the pos-

sibility that there would be market forces which, through the development

of cheaper information sources, would destroy the screening motive for

schooling investments. There are two reasons why market .mechanisms

might not be strong enough to bring about this result. Either the return

from developing alternative sources of information are not large enough

or schooling is predominantly a productivity augmenting instrument. The

latter appeared more plausible given the existence of devices already

in use (by schools) to predict school success and the suhstantiatial

private cost of attending school.

In conclusion, the apparent use of schooling as a screening device

did not appear from the empirical work presented in this dissertation,

to stem from a more identification of productivity types. The evidence,
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in fact, way v.uch that a pure productivity aunenting vicar of the

income-scLoolng reinU iir.113.p appeared greatly Tore tenable.



INV CM Mg
APPENDIX A

This appendix to Chapter II first demonstrates the propositions in

the text fo-.! the single skill input model and then generalizes the proofs

to the multi-factor case including all of the distribution parameters

discussed in the text.

1. The Sirrle Ski31 Tnpnt Nodel.

Beginning' with equations (13), (14), and (15), the proofs of

which are given in the text, the pure substitution effect can be

proved as follows:

(A,l) '1 dT, -410,2

L do`
1/402

Substituting for All and Am,

(A.2) .1.07,. (-01.052)(41!2 (OnT2)(67f!,)

L d 0 2 Ld Les

Similarly,

(A.3)

01,12 1Z02) ( °OK ) ( / Kfit
4114

L A

ra2 4Ko o2 K04,
L

KKK) a
K#

NC

m °L IN K
4'142 - 4102)

.

41
*Luz

r (62 411C

1:04 KA

which, upon substituting for tiz and kk, and performing the same

manipulations ae abovekreduces to



ser,
1 di:

m -c/LKcIL
(f, %914,2

Whet?(A.4)(A.4)

Subtracting A.4 from A.3, realizing that aL ctic = 1, yields A.5,

the percentage alteration in factor ratios due to A change in

variance.

(A. 5) 1 5.1L. 1 di; OT 4, 2
.

L dot
K dot

2
-

41 4K

Substituting

41114

= (FS
kRFgg FTig)'

OW.r + h KSF-- ,

SSK

41/42 = 1/2 +
SSS

3." s rand 4.K02 114

into A.5, it is eecn that the pure substitution effect does depend

on third partial derivatives.

(A.6) 1 414 _ 1 fa: -s

L ch;r K L SSS S Ss): -K.

That marginal expected cost must increase with the introduction of

dohuncertainty can be demonstrated as follows. Setting --m. 0, i.e.,
do
r

restoring output to its original level, and assuming no substitution

O,2 Ov,2
effect (

T

- m 0), from (13) in the text, A.7 is obtained.
Kth

(A.7) Imtx
do2- (-4)02A-0 yon, + 0,noi/6
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where y

1
g
2

. Substituting for 4 and 40"
L

(A.8)

du

2 R
where T = cc d d

L KK 'K 2LL 24LYK
But

I.

T > 0 is the condition for cost rinimization,

> 0 is the condition for profit maximi:cation and

0
'
< 0 as previously dcmonstrued.. Thuo, mnrginal expected cost

a

must rise as loflg as variance reduces narginal expected products,

i.e., y.< 0.

The net scale effect is found by setting
du'

- 0
(I2

= 0.

From (13),

(A.9) 1.'!);

ddk.
( A )

.11,02 AL °Itc12.it

+I 2 41 ti 41. 2 .tLs,,= ( --AL
A
'L

But = . 'thus A/X tia L
L L L A A

dX/X
Similarly, Ap /p = 0kI:. Therefore,

" K' K

(A.10) (1112;
dog

Lo2 a 4. Ona2 a
OL LPL

With the introduction of schooling as a screening device,

expected output is given by equation (22) in the text as demon-

strated. The margiw.1 rate of substitution for vorkers from the

two schooling classes is found in the usual manner. Totally dif-

ferentiating (22) and setting d7 n 0 yields
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(A.11) di. = it 4)-(11, + 4)-411, + (;) + *i)110., ti 0.
C c II V, C

Z11.0

!t- (R .-R) and .11124 (RH-R),Substituting;
°Lc

2 2

where R,, -C-° and -Pk, into A.11, A.12 is obtained.RC

µC 41,1

(A.12) dl' = 0 [It § + R I
C C R C §-

+ 411

or .

((A.13) "dliC in illi YrS - 1411 + Rik
dill 11C SS 4.. ItSit + Res

To demonntrate the c.onve:tity conditi.on for the production isoquants,

differcntii.,tz; A.13 r:IL:t rC.CpCCt to Defintig kc §1/4; +

Rem and kit = g41 - )14)11 + ItlitpR, one obtains

(A.14) - 461; daC

dlt dS
k I I: 4. -S4). + 4) TEC SS d S

RS ICCd-CIL1611 1111 -ag

jff ""tk dR
H. SS ins "%It di% 1: +5 (nu

tc11:11 c Hs Litt



(It t" II)
C

f "7:7

-R4)-Rs
has

OA ULU
4,1-;

Siftopir

a
cAL11

c1R cl-S

4'11
11

But, kcR.. - 1'- (11
1 sC.

.) (§F P.4) ), and
ll'P C 1 R

k
C
-k =

R 11 C
) so that

ken, kiRc = -(hc-kil)(gq
sit

Alf °, d g + g /111 (;.0 -k/ and
/1 C clL

C
d1,7i

dn .
cmci.

dI.11
.11 .0 11 1'cc OR

(k
H HR

).CC

Sub St-LAILluft of these cxFression into A.14 and rearranging term

yields

(A.15) -d2Lc 11,12(kc_1 T, (Eqi + 241 - 24503)
dL

11
2 4ChC 4a

which will he negative if and only if

(A.16) < 2 trg (74)-
R

),
55 T" S It

or (4.17) 4,i7s: <
SSS

since
SR It

m 1/2.S2
z".
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2, The Multi-factor Nodel.

Attention now 1:e.21ricted to Ole formulation of expected

output given by equation (29) in the text. To obtain that result,

it is assumed that firms bailey( the mean skill level to be the

true Nean with some subjective variation attached to their belief.

Assunia: that firma with greater uncertainty can expect to sample

no worse than firma with more confidence in their beliefs, and that

this type of subjective uncertainty is uncorrelated over occupations,

the appro:Amation of expected output is simply additive in the two

two types of variance. Specifically, ;7i is distributed with mean

v. and variance OA Odle le p is subjectively distributed with mean

and variance 81. T1,us, thrir difference, s.J -11 , is distributed

with mean zero and variance a2/L
j

a2 under the covariance assumptions

previously madc. Expected output iu, therefore,

A
(h.18) V.. F(7 7 IT .1c) 1- 1/2 ER "ET F + ER S4l' 2'

..,
v. jj SS

ft

where R
j

= 02/p. and R n 02/113. VIP equilibrium conditions for the
j

competitive firm are:
A A

(A.19) Y = f(S1,S2, Sv,R1,R2, ..911v,R1,R2,

(A.20) PI = 414, j=1,, v
1 J.

(A. 21) rK = x4sic.

(A.22) n MC r
y°

ToWly differ(!ntiating with respect to o2 (or (32) and rewriting

in matrix notation yields
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. . .

. . . .

.

. . . .

fLv (4.0.1: $LVLY 411,K.

fit +KL1
fK chjaLy .,

0 (441 %%64 hily

411' (4,1Li... (1)111., L11(

calA yaw

sRA cfi
(1)02

do

c1L1 /dv2

74Litsi

dLy/da22,

dK/do2
it

/
I

2

Solving for dLko the effect of bkill variance in the tth labor

da2

input dri the emplor:.ent of the lc°, yields

V
(A.24 (1;* = ( - f02 ) 611 -jEl 11j"-g,

2 tz,
j k

dr:2 dui

- trat2 "ak Go

where Als the deteminant of the left hand square matrix and the

subscriptud A's are the relevant cofactors. The pure substitution

effect is (recc..11 that d7
(I) a 2 is set equal to zero)

alt,2 £

0, m2 4IT T

(A.25) -2....(14 n E
V

1.1-t. "i "1"1: °Kai . 4/C 41:14%
Lk doi j=1 Lk

k
fK L LI

k

4144 4LiLk
But, from Allen (1),aams J,L---

z'
where

j Jit
Nc

ajk is the Allen-Ualwa partial elasticity of substitution. Therefore,

dLk flqui
(A. 26) -- A

0 1. a a vKag,

Lk do' Jk K Kk
OLit
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ld vkai no thatNotice that for the. one skill input rAodel,
ci aLL

equation A.2 reduces from A.26. The net scale effect is demonstrated

in a similar manner and is given by

(A.27) dV). . Z ±1.2i7E% . 414 EX .... _____. ..............

dci $L EPTL
j "j

4IK LPK

The reason that results may not be symmetric for U2.,is simply

because 41 a2 4)1, ;2

J L jR

(A.2 ti)

and

Notice that

1.1 L F-OSiSi- - for jft and

IRd9 = (SR
s

F-elSi; 1 Fg )

(A.29) 4)LiPs:

Thus,

or 14 2
L for WL and

SLLtaft 1/4(t111 Fgkgigi Fgkr;jz. ).

(A.30) ta 01.012 L and
j R. L

n I. + rEolt).

For a linear hom4eacous production function, twice differen-

tiating Wier's equation with respect to S yields

(A.31) 7- - _ +1 -
i'l

F
S. 2 + .. +3 ': 7: - + r-II s

L L
g
L L

F
SIASL 81,St

2

lq ir F--- +KV- n 0v s Ku v
Vs tsL .L°L

or, using; (A.18),
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(A.32). q ..a?
j

0-4- 0.

411

ifklosif

Since for a linear homogeneous function a
EP

Lj . J

(A.32) is identical to the net scale effect given in (A.27).

Thus, for this function, the initial reduction in output due

to an increase:in skill variance for and single occupation is

also the fr11 reduction.

However, for ;2 the Euler equation implies

.1.2
(A.33) Ea L_12.

Lj
= P7: 7 < 0

Lb

so that the net scale street due to the introduction of &'

must be positive; equilibrium output will be lower than the

partial reduction giv6n by 0-2 .
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This appendix dewnstrates the propositims concerning schooling's

socal return as an identification device that was outlined in Chapter III.

Aggregate output is given by

N N
(B.1) E Y P NI +' OF-- E (s4-02

jr=1 I
SS J.41 -

as demonstrated in the text. With schooling serving as a perfect

screen,

si pli La+ vc LCi

since each firm must obtain gill and iLc unitli of skill from each

individual within the two respective schooling classes. Since

Lin

4-

cL
A= A

Htvl. C NL

where EL ..14,ZL mL,L+1.= NL,
Hi

Li Hi H i Ci C H C

N being the number of firms and L each firm's labor input,

(1s.2) L2
i
a -02 LID+ (L Lop

N
i H HI C Ci

LH LBut (Lui - --L11) (L .C-) since Llii + Lau', al r

Thus,

(8.3) .L2 11 6-1702 m (1ic-ILI1)2 E (Lci --!;)2 which is equation

(12) in the texts

With laperfect screening, each firm's sample mean skill level from

sampling within schooling classes will not be identical to the actual

Means wince .e, 0 0.
H- c
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Moreover,

Lni lor Amtuat
$i. sC L

a
111

end
i L

*4 ti a LCi. 14 LC1+ aittLIK L'Ir1128

1

8Ci mi 8A
LACi s LBCi

Ci Ci

1
LAli LBW.

11 1. " 8 Liu B Liii

FA AC .4. s LBC

11C Lc . B-Lc

s LAU s LBU

4li A-1; 13 LH

with L being the number of A individuals in education ciasu ECAC

and sicalar definitions for LA11, Liz, LBli.

Hence,

(B. 5) L2 E -02.10 E [s (L + L - LAC LAU)
i A ACi A Hi N N

.B

LW, LAU
+ 8 (L. L NN

L + L - AC LAU
- (L + L LAG LBH)

ACi AHi N N liCi BUJ N N
But,

Finally,

(B.b) L2 E ,..102 (seolp2 tidAei
LAC L

A

ILAHL J)2.

Since, under screening, those firms which sample well from both

schooling classes, i.e., large proportions of A workers, must

exactly be offset by firms sampling poorly as the number of workers

sampled from each schooling class is the same for every firm, the

effect of between schooling class skill variance has been eliminated.

Variation within classes still remains, and, thus, schoolingis

social value is smaller than under perfect screening.
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ror the multi-skill input Ptodel discussed IA the text, it'is

only neccny to add LbikL, by allocating workers to occupations

through the use of schooling as an informational device, the

mean shill level og the population from.which it samples is

boosted. In the example given in t.a text, the net etfact of

screening is to raise vi (thusT1), and make the latter two terms

in equation 04) zero.
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TARL1 G.2

Moans and L. u,1;:rd DLT1:;Lions of ScicctA Variables

for the Scli-nmployed:

All Occupations

Means Standard Deviations

Ln Earnings 9.116 o.7027

SchooliuG 15.31 2.345

ExperiQnce 10.60 8.692

Age 35.44 10.06

Ability 0.117 1.769

Earnin3s 11,860 10,420

# o. Observatioas: 1.906
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Occupational DirriLutiomi for Private Wane

(a)

and Self-Lhployed Workers

0ccupntion Private Self-D,TJoved

( 4.7%

( 0.4%)

(18.2Z)

(65.0%)

( 5.5%)

( 5.6%)

( 0.3%)

( 0.0%)

None reported

Educator

181

865

( 2.3Z)

(11.0$)

89

8

Professional 1252 (14.97) 347

Executive-Mala3er 3512 (44.5%) 1238

ComlAsUoned Seleswan 604 ( 7.7%) 105

Technical 532 ( 6.77) 106

Skilled-Menual 350 ( 4.4%) 5

Semi-Skilled and 104 ( 1.3%) 0

Unskilled 11:-.ua1

Service, Clerical 294 ( 3.77.) 0

Laborer

Other
(b)

199 ( 2.5%) 8

TOTAL 7893 (100.0%) 1906

Both major end minor occupational categories are reported. The
table refers only to the former and, as previously noted, only
to the last job.

This includes Trainees, Apprentices, Journeymen and Miscellaneous
Whlte Collar Workers.
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Coll6 ReressLons for College CLach:ates: Managers

p2

Q

Qr
(a)

A

AP

Intercept

n2

Coefliciento (t- valued in parenth:410

Private

0.0820

Self-Enrdoyed

0.0660
(11.3459) (4.8502)

-0.0015 -.0013
(7.9462) (3.8507)

0.0211 0.0070
(1.3495) (0.2340)

0.0019 0.0049

(1.5934) (2.1553)

0,0018 0.0059
(0.1917) (0.3757)

0.0020 -0.0005
(2.8150) (0.4704)

-0.1437 8.3823
(0.8434) (55.75A)

.6153

(a) These coefficients are not "statistically" different es tv1.18.
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